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Testing the Quality of Seeds for 
Farm and Gardenl 
By R. H. PORTER. 2 
The yield and quality of a crop to be harvested depend in 
part on the quality of the seed that is planted. Seed quality is 
a relative term. It is based on a number of conditions, the more 
important of which are purity of the seed as expressed in terms 
of freedom from weed seed and other impurities, viability, free-
dom from seed-borne organisms and ability to resist infection 
by soil-borne organisms. Many factors and conditions affect seed 
quality, including crop sequence, type and frequency of cultiva-
tion, climate, time of harvesting, genetic constitution of the seed, 
variety of seed planted, storage, age and treatment of seed. The 
purpose of this bulletin is to discuss some of the factors which 
affect se~d quality, to outline methods employed in a seed lab-
oratory to determine seed quality and to illustrate how the re-
sults of seed laboratory tests may be applied in the planting 
of seeds. 
DEFINITIONS 
It is necessary to define a few terms that appear frequently in 
this bulletin before taking up the several topics in detail. 
PURITY OF SEED 
Pure seed is a term commonly used by seed analysts, law 
enforcement officials, farmers and seedsmen. It generally im-
plies freedom from such impurities as weed seeds. foreign or inert 
matter and crop seeds other than the kind being tested. Pure 
seed may also imply purity as to type or variety. Varietal purity 
is dependent on a system of seed certification involving the 
planting of pure lines or types supplemented by field, bin and 
laboratory inspection of the seed that is produced. Seed purity 
is expressed as percentage by weight and as such indicates tIl(' 
degree of freedom from impurities. 
In seed laboratory practice it is necessary to consider the 
, Projects 86 and 427 of the Iowa Agricultural Experiment Station. 
• The author Is indebted to the United Siates Department of Agriculture for the loan 
of Illustrations in fig. 5-19. Insertion of the common name beneath the botanical 
name has been done for the convenience of the reader. Much of the data in tables 
3 and 4 was a'so borrowed from the U. S. D. A. The illustrations in fig. 20 were 
made by Marie Corkle Lincoln and In fig. 21 and several others as indicated by George 
Morris. To both these artists special thanks are due for their assistance. 
He I.s indebted to Prof. R. A. Fisher, .also. to Mess,:". Oliver & Boyd, Ltd. of 
Edinburgh, for permission to reprint DlstnbutJon of ChI-square with Corresponding 
Probabilities and Degrees of Freedom from "Statistical Methods for Research Workers." 
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meaning of the term "seed" from both the botanical and com-
mercial standpoints. Botanically, a seed is a ripened ovule which, 
in general, is one in which the egg nucleus has been fertilized 
with the nucleus from a pollen grain. In many plants this ferti-
lization includes fusion of the endosperm nuclei with a second 
pollen nucleus, followed by a subdivision and growth of the re-
sultant new cells until the embryo, the endosperm and the seed 
coats are fully developed. In nature some of the ovules of flowers 
of a given plant are never fertilized; or the young ovule fails to 
develop, yet the outer coverings are present and one cannot 
always differentiate such structures by external appearance from 
true seeds. 
Commercially the term "seed" may include both seeds and 
fruits together with such accessory parts as the glumes of grasses, 
the old flower calyx and the involucre in the composite family. 
A fruit is a ripened, ovary which may contain one or more ovules 
that become seeds. One-seeded fruits occur in such families as 
the grass, the s~dg~,. the buckwheat and the sunflower . (Com-
positae). > ...
I!lAhe grass familY.the grain (fruit) is called a caryopsis in 
.which . the peri carp of the ovary is fused with the integu~ents 
(seed coats) of tne ·ovule. The naked grains of wheat, corn, rye 
and hulless sorghum are typical caryopses or one-seeded fruits. 
Many grass "seeds" have additional coverings known as lemma 
01' palea and in others such as unhulled sorghum and sudan 
grass, the covering consists of hard outer. glumes with a papery 
lemma and' palea' inside and adjacent to the grain. In still other 
plants two or more fruits occur together as a bur (sand bur and 
huffalo grass). 
In the buekwheat and sunflower families the one-seeded frnits 
are achenes in which. the peri carp may be removed by hand or 
in seed cleaning .processes. It is frequently impossible to de-
termine, by external appearance, when these structures are viable 
or non-viable. St.ructures of sour dock, sheepsorrel, buckwhent. 
endive; chicory, dandelion and sunflower that appear to be fruits 
are often non-viable and have. only an empty fruit case. Such 
structures are· not seeds, they are· inert material and it is un-
scientific to consider ·them as a part of pure seed or as weed 
seeds. 
In.the carrot family the fruit consists of two one-seeded carpels 
often attached together as in caraway, dill and celery. It is 
common for one member of the pair to be shriveled and unde-
veloped in which case it is not a seed or a fruit. In the carrot 
the members of each paired carpel usually separate at maturity, 
hut some of them are infertile, they contain no embryo. They 
are neither true seeds nor fruits, yet they cannot be differen-
tiated from t.rue fruits by external appearance. 
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Possible disposition of these structures that are not true seeds 
or fruits will be considered in a later section. 
SEED VIABILITY 
Viability refers to the ability of seeds, when placed under 
favorable conditions, to germinate and produce plants. Viable 
seeds are those that possess a living embryo (germ) capable of 
illitiatilllt the processes of growth. Seed viability is determined 
by germination tests and is expressed as percentage by number 
of the pure seeds that are germinable. 
SEED LONGEVITY 
The length of life of seeds when stored in a laboratory or 
seed house as well as when mixed with field soil and exposed to 
natural conditions is expressed as "longevity." Seeds vary 
greatly in the numher of years that viabilit~· ma~· he retHined. 
SEED DORMANCY 
Dormancy in seeds is a condition that prevents resumption 
of growth by a viable embryo when placed under conditions 
known to be favorable for germination of the ki~d of seed in 
question. It is caused by an unripe or undeveloped embryo or 
by an impermeable membrane surrounding the embryo which 
prevents the necessary exchange of gases. If properly treated, 
dormant seeds will germinate. 
IMPERMEABLE SEEDS 
Impermeability is a term applied to a seed whose coat prevents 
the entrance of water to the embryo. Such a seed cannot ger-
minate until the seed coat is treated in some way to make 
it permeable to water. Impermeable seeds are common in the 
legume, mallow and morning-glory families and are generally rc-
ferred to as "hard" seeds. Usually such seeds are viable. By 
many botanists impermeability is considered as one form of 
dormancy. In this bulletin it is considered separately from 
dormancy, because of common usage among seedsmen and 
farmers. 
NOXIOUS WEED SEEDS 
Most states and countries have seed laws for the control of 
seeds offered for sale. Seeds of weeds that are most destructivc 
and harmful to agriculture are classed as noxious by legislative 
act. Sale of crop seed containing primary noxious weed seeds is 
usually prohibited, and the presenee and rate of occurrence of 
secondHr~· noxious weed seeds must be shown on the label. 
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SEED· BORNE ORGANISMS 
Many crop diseases are caused by microscopic organisms, and 
frequently a specific cauEaI agent h carried by the seed. Such 
organisms are referred to as "seed-borne," and often they can 
be detected by seed laboratory tests. Recommendations for con-
trol can then be made. 
FACTORS AFFECTING SEED QUALITY 
PURITY 
The most important factors that determine the purity of seed 
offered for sale are (a) the purity as to kind or variety of the 
seed that is sown for the production of the crop to be harvested, 
(b) kinds of other viable crop or weed seeds in the soil in which 
the seed was grown, (c) type and frequency of cultivation given 
and (d) kind and efficiency of seed cleaning equipment that is 
available. 
It is obvious that a crop of pure seed cannot be harvested un-
less pure seed of the kind is sown. For example, if one wishes 
to produce pure Tama oats for seed, the first I'>tep is to be certain 
that the seed planted is free from other varieties of oats and 
other kinds of crop seeds. Similarly, the presence of such weeds 
as wild buckwheat, wild rose, false strawberry and mustard in 
oats intended for seed usually prevents the production of a seed 
crop of oats free from such weed seeds. Seeds of Canada thistle, 
field bindweed and quack grass often occur in seed lots of 
oats, barley and wheat and when such seed is sown it is not only 
difficult to produce a seed crop free from such weed seeds but 
the land may become so infested that eradication of the pests 
may be difficult and costly. The first step then in production 
of pure lots of seed is to sow pure seed. 
Seeds of many weeds retain their vitality in the soil for many 
years. Seeds of sour dock, mustard, pigweed, smartweed, lamb's 
quarters, foxtail, butterprint and pennycress may live in the 
soil for 20 years or more as shown in table 1 (4, 10, 14, 16, 22). 
The longevity of weed seeds makes it difficult to always have 
access to clean land for the production of a seed crop, hence even 
though clean seed is sown the crop to be harvested may be in-
fested. The kinds of weed seeds in a field determine the kind of 
a crop that may be sown with safety, if at all, for seed produc-
tion. For example, it would be unwise to sow rape for seed pro-
duction in a field infested with mustard or to sow flax in a field 
infested with either false flax or wild buckwheat. Flax: is a poor 
competitor with weeds and should not be sown in fields where 
weeds have been allowed repeatedly to mature seed. Red clover 
and alfalfa for seed production should not be sown. in a field 
known to be infested with dodder seed. Soybeans cannot com-
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TABLE 1. LONGEVITY OF WEED SEEDS IN SOIL. 
I Botanical name 
Family* of plant 
Gramineae Agropyron ,epens 
(grass) A .. na/atua 
Bromus secalinus 
Chaetoehloa glauea 
Chaeloehloa .erlicillala 
Chaetochloa virdis 
Sporobolus cryptandrus 
Cyperaceae CY/JI!rus esculent us 
(sedge) 
Cannabis sativa Urticaceae 
(nettle) 
Polygonum hydropjper Polygonaceae 
(bllc~wheat) Polygonum persitaria 
Rumex crispus 
Chenopodiaceae 
Rumex obtusifolius 
Chenopodium album 
(goosefoot) Chenopodium hybridum 
Amaranthaceae Amaranthus retroflexus (pigweed) Amaranthus graeci,ans 
Coryophyllaceae Agrostemma gi/hago 
(cockle) Alsine media 
Portulacaceae Por/ulacea oleracea 
(purslane) 
Nelumbo nuci/erat Nymphaeaceae 
(water lily) 
BrassittJ nigra Cruciferae 
(mustards) CaPsella bursa-pasloris 
Erysimum eheiranthoidts 
Hymenophysa pubeseens 
Lepidium draba 
Lepidium repe,,' 
Lepidium virgin;cum 
S~mb'ium altissimum 
T asp; arvense 
Rosaceae (rose) Polenlilla mo"speliensis 
Malvaceae Abutilon abulilon 
(mallow) MaIM ro/undifolia 
Euphorbiaceae Chamaesyee maeulata 
(spurge) Euphorbia .. ula 
Onagraceae Oena/hera bien"is (evening primrose ) 
Convolvulaceae Convoivulu'5' Qrrensis 
(morning glory) COnl,ol.ulus sepium 
Cuseuta epi/inum 
Verbenaceae 
Cuseu/a polygonorum 
Verbena has/ala 
(vervain) Verbena urlici/olia 
Solanaceae Da/ura la/ula 
(nightshade) Solanum earoiinense 
Solanum eiaegni/olium 
Solanum nigrum 
Scrophulariaceae Verbascum blal/",;a 
(figwort) 
Plantaginaceae Plantago laneeolala 
(plantain) Plantago mojo, 
Planlago rugellii 
Compositae Ambrosia artimisiaefolia 
(sunflower, Ambrosia I,ifida 
aster and A nlhemis eo/ula 
ragweed) Atctium lappa 
Carduus arflensis 
Centaurea calcitrapa 
CentauTea repens 
Cenlaurea so/stitial;s 
Chrysanthemum 
leucanthemum 
Grindelia squarrosa 
Helianlhus annuu. 
Lactuca scariola 
Rudbeckia hir/a 
Xanlhium pennsyl.ani-
cUm 
* Arranged by families according to Gray, 
t Not a weed. The oriental lotus plant. 
Common name I Known yrs·l of life 
QlIack grass 4 
Wild oats 10 or more 
Cheat Less than 5 
Yellow foxtail 20 or more 
Bristly foxtail 20 or more 
Green foxtail 20 or more 
Dropseed 20 or more 
Yellow nutgras. 20 or more 
Wild hemp 0 
Water pepper 50 or more 
Smartweed 20 or more 
Sour dock 40 or more 
Bitter dock 20 or more 
Lambs Quarter 40 
Maple.leaved 
goosefoot 20 or more 
Pigweed 40 or more 
Tumbling pigweed 40 or more 
Corn cockle 0 
Chickweed 30 
Purslane 50 or more 
Lotus 120 or more 
Black mustard 50 or more 
Shepherd'. purse 
Wormseed 
35 
mustard 15 
White top 3 or more 
Pepper cress 2 
Hoary cress 3 or more 
Pepper grass 40 or more 
Tumbling mustard 10 
Pennycress 20 or more 
Cinquefoil 20 or more 
Button weed 20 or more 
Mallow 20 or more 
Prostrate spurge Less than 5 
Leafy spurge 4 or more 
Evening primrose 50 or more 
Field bindweed 4 or more 
Hedge bindweed 20 ot mote 
Flax dodder 10 
Dodder 20 or more 
Blue vervain 20 or more 
White vervain 20 or more 
Jimson weed 20 or more 
Horse nettle 11 or more 
White horse nettle 3 or more 
Black nightshade 20 or more 
Mul1ein 50 or more 
Buckhorn 10 
Common plantain 20 or more 
Rugel's plantain 20 or more 
Small ragweed 20 or more 
Giant ragweed 20 or )1lore 
Dog fennel 25 
Burdock 20 or more 
Canada thistle 20 or more 
Purple star thistle 3 or more 
Russian knapweed 3 or more 
Barnaby's thistle 3 or more 
Oxeye daisy 20 or more 
Gum weed 10 
Wild sunflower 1 
Wild lettuce 3 
Black-eyed Susan 20 or more 
Cockle bur 15 
Allthority 
King 
Duvel & Goss 
Darlington 
DlIvel & Goss 
DlIvel & Goss 
Duvel & Gos. 
Duvel & Goss 
Duvel & Goss 
Duvel & Goss 
Darlington 
Duvel & Gos. 
Darlington 
Duvel & Goss 
Darlington 
DlIvel & Goss 
Darlington 
Darlington. 
Duvel & Goss 
Darlington 
Darlington 
Ogha 
Darlington 
Darlington 
Ouvel & Goss 
Brown & Porter 
Brown & Porter 
Brown & Porter 
Darlington 
Duvel & Goss 
Duvel & Goss 
Duvel & Goss 
Duvel & Goss 
Duvel & Goss 
Darlington 
Brown & Porter 
Darlington 
Brown & Porter 
Duvel & Goss 
Duvel & Goss 
Duvel & Goss 
Ouvel & Goss 
Duvel & Goss 
Duvel & Goss 
King 
Duvel & Go .. 
Ouvel & Goss 
Darlington 
Duvel & Goss 
Ouvel & Goss 
Ouvel & Goss 
Duvel & Goss 
Dlivel & Goss 
Duvel & GoBS 
Duvel & Goss 
Duvel & Goss 
Brown & Porter 
Brown & Porter 
Brown & Porter 
Ollvel & GOBS 
DlIvel & Goss 
Duvel & Goss 
Duvel & Go .. 
Duvel & Goss 
Duvel & Goss 
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pete successfully with butterprint, cockle bur or horse nettle 
and since the fruits of cockle bur and horse nettle are difficult 
to remove from soybean seed it is unwise to plant beans in a 
field known to be infested with such weeds. Oats and barley can-
not compete with field bindweed which is one of our most de-
structive weeds. Futhermore, it is almost impossible to remove 
bindweed seeds from small grain seed by cleaning machinery. 
Fields intended for production of seed should be handled one 
or more years in advance of seeding in such a way as to reduce 
the weed population to a minimum. This may be aecompJtished 
by (a) frequent harrowing of the soil prior to planting so as to 
encourage weed seed germination followed by destruction of 
seedlings and (b) cutting, pulling or covering weeds before the 
seed 4as ripened. Row crops such as corn, soybeans, garden 
beans and peas and many vegetable crops may be kept free of 
weeds between the rows by machine cultivation, but hand weed-
ing within the rows is necessary. -
The development of seed cleaning machinery within the past 
25 years has been remarkable. It is now possible to remove from 
clover, alfalfa, timothy, flax and many other kinds of crop seeds 
most kinds of weed seeds which a quarter century ago would 
have made the same seed unsalable on the basis of present laws. 
All large capacity seed houses that buy home-grown seed direct 
from the farm have an extensive array of machinery unknown 
until recent years. Buckhorn seeds can now be removed from 
clover seed, dodder can be removed from clover, alfalfa, flax and 
lespedeza seed and even horse nettle seeds can be removed from 
lespedeza seed. A machine that removes catchfly and cockle 
seeds from alsike clover has been developed. Clover, alfalfa and 
timothy seed can be cleaned to a purity of at least 99 to 99.5 
percent. The operation of such machinery is expensive and therl' 
is considerable loss in bulk weight of seed, hence dockage is 
necessary. Farmers are not equipped with the necessary ma-
chinery for cleaning most crops and must rely on seed house~ 
or specially equipped centers. 
Seeds produced by farmers may be either sold to a processor 
on the basis of a dockage which depends on the amount and kind 
of impurities to be removed, 01' consigned for cleaning on the 
basis of Il giv('n charge per 100 pounds of the uncl('aned bulk lot. 
VIABILITY 
Factors that determine the viability of seeds are (a) stage of 
maturity at the time of harvest, (b) conditions to which seeds 
are exposed while developing, (c) conditions under which seeds 
nre stored, (d) age of the seed, (e) heredity, (f) fungi carned 
by seeds, and (g) insects and nematodes of stored seeds. 
Mature, well ripened seed possesses reserve food materials 
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and usually has greater vitality than immature seed. Harvesting 
seed when it is immature is generally a poor practice because 
it often results in shrivelled and partially developed seeds. 
Furthermore, the ability of immature or partially developed 
embryos to withstand adverse field conditions is less than for 
those that are well ripened and possess reserve food materials. 
Seeds may be mature physiologically before the moisture con-
tent has been reduced to a point where they can be safely stored. 
In such cases artifical drying may be practiced, as is done in the 
processing of hybrid seed corn. 
Inasmuch as facilities for artificial drying are limited and 
the practice is expensive, most seed crops must mature on the 
plants and be harvested when the moisture content is low enough 
to insure against heating and spoilage. 
Climatic conditions and methods of harvesting, while the crop 
is being grown or harvested, often seriously affect the viability 
of seeds. One of the most important environmental factors is 
temperature. The vitality of corn is frequently lowered by early 
frosts when the moisture content of the kernels is high. Studies 
made by the Nebraska Agricultural Experiment StatIon (21) 
have shown that open-pollinated corn with 40 to 45 percent 
moisture was seriously lowered in vitality by a temperature of 
28°F. At temperatures of 24 to 20°F. and 16 to 12°F. the vitality 
of seed corn was lowered if the moisture content of the seed was 
below 25 and 20 percent, respectively. 
Tests at the Iowa Station with seed of hybrid corn were made 
in 1942, using samples collected after the frost of Sept. 27, when 
temperatures ranged between 18 and 22°F. Only two lots, one 
with 40, and the other with 52 percent moisture, were injured. 
Several lots with 30 to 50 percent moisture did not give max-
imum germination at the time of collection, hut when the mois-
ture content had been reduced to 25 percent or less, germination 
of 90 to 95 percent occurred readily. These results indicate that 
some lots of hybrid seed corn with a given moisture content may 
be able to withstand lower temperatures than open-pollinated 
corn and that the extent of injury from exposure to low tem-
peratures eanllot be determined immediately. 
Seed of eight varieties of soybean and nine varieties of sor-
ghum was harvested in the fall of 1941 (43) at the Iowa Station 
at intervals, and the moisture content of the seeds was deter-
mined at the time of collection, after which portions of the seed 
were exposed to temperatures of 33°, 20° and -20°F. for 10 
hours, respectively. Seed germination tests were made with each 
lot. The data obtained indicated that sorghum seed with a mois-
ture content of 30 to 40 percent was not seriously reduced in 
vitality by an exposure to 20°F., but at -20°F. the damage was 
severe. When the moisture content was reduced to about 13 to 15 
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percent there was no injury by exposure to a te~perature of 
-20°F. 
Soybean seed with a moisture content of 50 to 63 percent 
withstood a temperature of 20°F. but was seriously damaged 
when the temperature reached -20°F. When the moisture con-
tent had reached 30 percent there was no appreciable injury to 
germination from a temperature of -20°F. 
Timothy seed obtained by (a) combining from standing 
plants, and (b) threshing from the shock in 1940 was examined· 
nt the Iowa Station (2) for percentage of hulless seeds, and the 
germination of both hulless and unhulled seeds was determined. 
A summary of the results is given in table 2. 
TABLE 2. GERMINATION OF COMBINED AND THRESHED TIMOTHY SEED. 
Percentage Percentage germination 
Method of No. Total 
harvesting lots Hu!less I Unhulled pure seed Huiles. I U""lI"l~ Threshed ....• 9 29.3 68.3 97.6 91 96 9S Combined .... 8 58.0 38.0 96.0 70 96 78 
The data show that for the 1940 crop the percentage of hulleRS 
seeds was much higher and their vitality much lower in combined 
than in threshed seed. 
Storage conditions and the percentage of moisture carried by 
the seed have a marked effect on the vitality of seeds (45). Data 
from the U. S. Department of Agriculture (3) show that al-
though there is considerable variation in the ability of different 
kinds of vegetable crop seeds to retain their vitality at a high 
temperature and a high humidity, yet all crop seeds retain their 
viability longer when dried and stored at a temperature of 50°F. 
or less and in a relative humidity of not over 50 to 60 percent. 
Seed viability may be maintained longcr if mature, dry sceds are 
stored in a sealed container at a temperature below 15° C. 
Longevity of seeds of field crops stored in a laboratory or a 
granary varies by crops. Information from several sources con-
cerning the length of life of stored seeds may be summarized 
briefly as follows: 
(1) At Fort Collins, Colo. (44) sceds of several crops stored 
in a dry, unheated room for 10 years were sampled each 
year and tested for germination. The data showed that: 
(a) The germination of unhulled barley seed decreased 
about 14 percent in 10 years and naked barley lost 
vitality more rapidly than unhulled seed. 
(b) The germination of wheat seed decreased about 7 per-
cent in 10 years. 
(c) The germination of oats decreased about 13 percent in 
10 years. 
505 
(d) The germination of rosen rYe and Wisconsin black soy-
beans declined 10 percent in 5 years and more rapidly 
thereafter. ' 
(e) A decline of 2 percent in, the germination of black 
amber sorghum seed occurred in 6 years. 
(f) Yellow dent com retained its vitality well for 4 years, 
but the germination decreased 13 percent the fifth 
year and 20 percent after 8 years of storage. 
( 2) In Canada (48) seeds of several crop~ were stored for 20 
years, and germination tests were made each year. The col-
lections were made in all parts of Canada and were obtained 
directly from farmers. 
The samples included: 
(a) 'Wheat-170 collections from 14 varieties 
(b) Oats-179 collections from 30 varieties 
(c) Timothy-25 samples 
(d) Alsike and red clover-24 samples Ot each 
The data from all tests showed that: 
(a) Wheat seed retained its ~erminating power well for !) 
years after which the weaker seeds died. At the end of 
15 years about 75 percent of the seeds were no longer 
viable. 
(b) The longevity of oat seed was longer than that of 
wheat. The seeds retained their vitality well for 10 
years, then declined in vitality at the end of 15 years to 
about 80 percent of the original test. 
(c) Timothy seed declined gradually in vitality the first 5 
years, showing about 10 percent reduction in that 
time. At the end ,of the seventh year its vitality had 
, declined 16 percent, and by tIle twelfth year the average 
germination was only 11.5 percent. 
(d) Alsike and red clover seed declined gradually in via-
bility; each germinated about 80 percent at the end of 
4 years compared with 97 percent when collected. At 
the end of 7 years the germination was about 65 percent, 
and at 10 years about 45 percent. 
(3) In the Iowa State College Seed Laboratory seeds of barley 
and sorghum showed relatively little loss in germination 
atter storage in a dry heated room for 8 years, and cu-
cumber seed decreased in germination only slightly atter 7 
years of laboratory storage. Viabilit.y of sweet corn seed 
declined about 10 percent in 8 years. 
It should not. be assumed that seed longevity of large lots 
stored in a warehouse or granary will be the same as that of 
similar seeds stored in small quantities in a dry laboratory 
room. If field crop seeds are well matured and dry when put 
in storage and if the storage room is dry and the relative hu-
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midity reasonably low, the vitality of large lots will not be 
greatly different from that of small lots. In sub-tropical cli-
mates where humidity is high and temperatures fairly high 
throughout the year, seeds decline ranidly in viability (1). The 
safest practice is always to make tests before planting. 
Genetic make-up affects seed vitality. In the development of 
hybrid seed corn it has been found that inbred lines vary greatly 
in the longevity of the seed. Some lines possess inherited factors 
that either hasten the decline or prolong the vitality of the seeds. 
It is evident, therefore, that seeds of lines differing in their in-
heritance may be expeeted to vary in longevity when stored un-
der the same conditions. 
Organisms carried by seeds may be responsible for a rapid 
decline in seed viability. Seeds of corn infected with Diplodia 
.wae and barley kernels infected with Gibbet'ella saubinetii lose 
their vitality more- rapidly than seeds not infected, even though 
the organisms may die before the infected embryos do. Seed 
(lisinfoctioll with chemical dusts will often prolong the life of 
diseased seeds, although over-doses of volatile mercury com-
pounds cause' mercury poisoning and hasten the loss of seed 
vitality_ 
Seed corn treated with Merko or Semesan Jr_ and kept in a 
dry room for 3 years germinated 95 percent at the end of the 
test. Seed of wheat, oats and barley treated with New Improved 
Ceresan (5 percent ethyl mercury phosphate) at the rate of 
o ounce to the hushel germinated ovel' 90 perecnt after :~ ~'eal'S 
of dry storage. 
\Veevils, chalcis fly, grain moths and other insects commonly 
feed upon stored seed. In time, part or all of the infested seed 
may be consumed leaving only the edosperm or the seed eoat_ 
SAMPLING, PACKAGING AND MAILING OF SEED 
The working sample used in a seed laboratory is necessarily 
small, hence it should be as representative as possible_ If the 
sample drawn from a seed lot is not representative then any test 
may be misleading. Large lots of seed usually consist of several 
small lots of a given kind or variety blended together, each 
grown on a different farm. If blending is careless or incom-
plete it is difficult to draw a representative sample_ 
SAMPLING SEED 
Suggestions for sampling seeds preparatory to submission for 
analysis are as follows: 
1. For lots of 10 bags or less, take one or two samples from 
each bag, either with an approved probe or by hand. 
Samples should be obtained from near the top, in the 
center and as near the bottom as possible_ Mix all the 
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small samples together thoroughly and then subdivide un-
til a smaller portion is obtained for the test sample. 
2. For lots of over 10 bags, draw samples from every second, 
third. fifth or tenth bag, depending on the size of the lot, 
mix thoroughly together and then draw a sample for test. 
This may be done by drawing a portion from different 
parts of the mixed sample or by pouring it on to a table 
. and dividing it into fourths, eighths, or smaller fractions. 
3. Seed grain in bins may be sampled wi~h a trier or probe. 
Several small samples may be drawn and mixed together as 
described above. Samples from a bin may also be taken in 
different parts and at different depths. The larger the 
number and wider the distribution of small samples that 
are taken the morc representative will be the sample suh-
mitted for analysis. 
AMOUNT OF SEED NEEDED 
The amount of seed needed for a test sample varies with the 
size of the seed. The following amounts arc preferred: 
Timothy. bluegrass, clovers, alfalfa and other secds of similar 
size, 4 ounces. 
Flax, rape, sudan grass, sorghum, bromcgrass and others of 
similar size, 8 ounces. 
Small grains, soybeans and corn, 1 pound. 
If a pearling or disease test is to be made on barley, at lea..,t 
2 quarts of seed should be submitted. 
PACKAGING AND MAILING 
Cloth bags or tin boxes are preferable containers for seeds to 
be sent by mail. but heavy paper seed packets are used by seeds-
men and are satisfactory. Regular letter envelopes are unsatis-
factory because they pe1'mit loss of seed. The outside of the 
container should show the sender's name and address in legible 
letters and a slip or tag giving the kind of seed, the name and 
address of the sender should be placed inside the container. 
Address the package to the Iowa State Oollege Seed Laboratory, 
Ames, Iowa. A letter of explanation attached to the package 
should be included. 
METHODS EMPLOYED IN A SEED LABORATORY 
TO DETNRl\UNE SEED QU AUTY 
Seeds are analyzed for purity and noxious weed seed content, 
tested for germination and examined for the presence of seed-
borne organisms. The methods employed are numerous and re-
quire not only exten8'ive equipment but highly technical skill on 
the part of seed analysts. 
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PURITY ANALYSIS 
'1'he size of sample 
used in a seed labora-
tory for a purity 
analysis or a noxious 
weed examination de-
pends upon the kind 
of seed and the ap-
proximate number of 
seeds per gram, ounce 
or pound. Detailed 
purity analyses are 
time-consuming and 
require much pa-
tience and energy on 
the part of an ana-
lyst. It is practical-
ly impossible to use 
large samples, and 
the smaller the size 
of individual seeds 
the smaller the sam-
ple used. . Rules for 
Fig. I. Boerne.. ssm pIe... seed testing formu-
lated by the Associ-
ation of Official Seed Analysts and by the United States Depart-
ment of Agriculture (46) for the enforcement of the Federal 
Seed Act provide for a laboratory working sub-sample that con-
tains approximately 3,000 seeds, but there are variations from 
this approved standard. 'Vhatever the weight of sub-sample 
used it is important that it be as truly representative of the 
hulk sample as possible. To obtain such a sub-sample it is neces-
~ary to pass the bulk sample through a divider or mixing ma-
chine which either subdivides or permits drawing small fractions 
from the mixer. The Boerner sampler (fig. 1) is widely used, 
and a mixer of the type illustrated in fig. 2 is satisfactory for 
chaffy grasses such as bromegrass, orchard grass, Rhode's grass 
and hluegrass. Table 3 shows the recommended size of sample 
for hoth purity anal~'sis and noxious weed examination for many 
kinds of crop seeds. Included in the table is the appro.ximate 
number of seeds per gram, ounce and pound of pure seed. 
'Vhen the working sample is obtained it is not necessary to 
have the exact weight as given in table 3. It is better to use a 
sample obtained by the divider or sampler, even though it be a 
trifle more or less than the recommended weight, than it is to 
attempt ·to add or subtract from the divided portion by hand. 
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TABLE 3. APPROXIMATE WEIGHT IN GRAMS OF SAMPLES FOR PURITY 
ANALYSIS AND NUMBER SEEDS PER UNIT WEIGHT. 
Minimum Approximate number seeds per Weight for· 
weight for unit weight of pure seed noxious weed 
working ! check Kind of seed sample Gram Ounce Pound (grams)t 
Alfalfa ••••••............ 5 500 14,170 226,720 50 
Barley .................. 100 30 850 13,600 500 
Beet ...............•.... 50 54 1,530 24,4S0 300 
Bentgrass ..•............ 0.5* 18,000 510,300 8,164,SOO 25 
Bluegrass 
Canada ............... 1 5,500 155.920 2,494.720 25 
Kentucky ............. 1 4,SOO 136,000 2,150,OSO 25 
Rough .••.....•.....•. 1 5,600 158,760 2,556,160 25 
Bromegrass .. ............ 5· 300 8,500 136.000 50 
Buckwheat .............. SO 45 1,275 17,200 300 
Carrotl •••••..••.•.•.... 2 900 25,510 408,160 SO 
Clovers 
Alsike .•••............ 2 1,500 42,520 680,320 50 
Alrcel .••....•.•...... 5 680 19,260 3011,160 SO 
CrImson ............. . 10 1,330 9,350 149.600 50 
Hopl .....•........... 2 2,200 62,330 997,280 SO 
Persiant .•.•.•........ 2 1,435 40,650 650,400 SO 
Red .................. 5 600 17,010 272.160 50 
Sweet .•............... 5 570 16.160 258,400 50 
White ................ 2 1,500 42,520 680,320 SO 
Dogstai!. ............... 2 1,900 53,860 861.760 SO 
Fescue 
Chewing •.••.•........ 2 1,200 34.000 542.720 SO 
Fine·leaved ...•........ 2 1.200 34.000 542.720 50 
Meadow .............. 5 500 14.170 226,800 50 
Red ••••••••••........ 2 755 21.400 34;:.400 SO 
Flax! ................... 10 300 8.500 136 000 50 
Grass 
Bahia ................. 5 300 8,500 136.000 SO 
Bermuda .............. 1 3,940 111.700 1,769,760 25 
Carpetl ............... 1 2,930 83,000 1,328.000 25 
DaUist ................ 2 590 16,710 267,360 50 
Johnsont .............. 15 270 7.650 122.400 150 
Orchard ............... 2 1.100 32.600 521.600 SO 
Reed Canaryt .•••••••• 2 1.500 42,520 6S0,320 SO 
Sudan ................ 25 120 3,400 54.240 150 
Lespedeza 
23.250 Chines..-hulless .••••.. 5 820 372.000 SO 
Common-unhuJled .••. 5 750 21.260 340.160 SO 
Korean-unhuUed ...•.• 5 525 14,880 2.18,080 50 
Millet 
Broom corn ........... 25 180 5,100 81.600 150 
Drown toPt ......••••. 10 3.~0 9.350 149.600 SO 
Cattailt ..••........... 10 170 4,800 76.800 SO 
Foxtail 5 470 13,320 213,120 50 ]apan • ..;r: :: :: : : : : : : : 5 310 8,780 140.480 SO Oatgrass, tall ............ 10 330 9,350 149.600 SO 
Oats .................... 100 28 790 12.640 500 
Rape-winter. ....•.•.... 10 230 6,520 104.320 50 
Redtop ................. .5· 11,000 311.850 4,989.600 25 
Rye .................... 100 40 1,130 18.0S0 500 Ryegrass 
Italian .•.•............ 5 500 14.170 226,720 SO 
Perennial. ............. 5 500 14.170 226.720 SO 
Short· seeded perennial 5 100 19,840 317,440 50 Sorghum 
Amber ................ SO 5S 1.560 24,960 300 
Atlas ................. 50 5S 1.560 24.960 300 
Soybean ................ 100 7 198 3.168 500 
Timothy ................ 2 2,500 70.870 1,133,920 50 
Turnip .................. 10 340 9,640 154,240 SO Vetch 
Common ••............ 100 19 53S 8.600 500 
Hairy ................. 100 36 1,000 16.000 500 Wheatgrass 
Crested, fairway ....... 5* 714 20,250 324,000 SO 
Crested. standard ...... 10 425 12.050 192,800 SO Slender ............... 10 340 9,640 154,240 SO 
Western ............... 10 250 7,080 113,280 SO 
'Vheat .................. 100 25 708 11.328 500 
* Weight for purity less than recommended in rules. Amount given here is based on experi. 
mental data. l One ounce equals 28 ~ grams. Determined in Iowa State College Seed Laboratory, Ames, Iowa. 
'.Many new.varieties.have les. than 200 seeds per gram. 
Fig. 2. Iowa seed mixer and treater. 
decimal place. 
PURE SEED 
Weighing the work-
ing sample is im-
portant and should 
be to four significant 
figures. For example, 
samples weighing less 
than 1 gram should 
be weighed to the 
fourth decimal place, 
those ranging be-
tween 1.000 and 9.999 
grams should be 
weighed to the third 
decimal place and 
those weighing be-
tween 10 and 99.99 
grams to the second 
The rules for seed testing adopted by the Association of Of-
ficial Seed Analysts and the United States Department of Agri. 
culture for the enforcement of the Federal Seed Act include as 
II pure seed" all seeds of the kind being tested whether shriveled, 
immature, insect injured, embryoless, discolored or broken so 
long as over half the seed is present. Seeds of clovers, alfalfa, 
crucifers and £lax without the seed coats are not classed as pure 
seed, nor are seed hulls, chaff, empty grass florets, nematode 
galls of wheat and other grasses and fungous bodies such as 
ergot sclerotia and smut masses. 
In practice the application of this definition is difficult and 
has not resulted in the degree of uniformity among seed labora-
tories that should be expected by the nature of the material or 
that should exist for the orderly marketing of seeds. A detailed 
exposition of this problem is given by Porter (31) and Porter 
and Leggatt (35). 
The object of testing seed is to determine its' seeding value. 
1'his is usually expressed in terms of purity and germination 
which may be further expressed as pounds of pure, viable seed 
per hundred. It is obtained by the formula 
percent pure X percent germination. F l'f d I 100 i or examp e, 1 a see ot 
has a purity of 96 percent and germination of 90 percent, the 
index value is 96 1~0 90 = 86.4, or 86.4 pounds of pure viable 
seed out of each 100 pounds of the lot. This method of comput-
ing index value is accurate only when the unit weights of the 
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viable and non-viable particles in the pure seed fraction are the 
same. The reason for this is that pure seed is determined by 
weight and the germination percentage by number. The pres-
ence in the pure seed fraction of a considerable number of im-
mature or undeveloped and non-viable structures that resemble 
seeds but that are lighter in weight than true seeds of the kind 
being tested, reduces the percentage of germination dispropor-
tionately to their percentage by weight in the pure seed fraction. 
An illustration of this relationship is provided by the data ob-
tained by the Iowa Agricultural Experiment Station from the 
analyses of five lots of red clover infested with chalcis fly. Two 
methods of analysis were used (1) the official by which all im-
mature, undeveloped and chalcis fly-infested seeds were retained 
in the pure seed fraction and (2) a modified procedure by which 
empty, undeveloped and chalcis fly-infested seeds were placed in 
the inert fraction. The following data show the percentages of 
pure seed and of germination together with the iudex values: 
Official method. I Modified method 
Percent Percent Index Percent Percent Index 
Sample no. pure germination value pure germination value 
Red Clover No.!. ..• 96.5 64.5 62.3 84.3 88.3 74.4 
Red Clover No.2 ...• 99.5 81.5 81.1 95.0 94.0 89.3 
Red Clover NO.3 .... 99.5 92.0 91.6 98.1 92.8 91.0 
Red Clover No.4 .... 96.3 87.0 83.8 95.2 90.5 86.2 
Red Clover No.5 ...• 99.0 75.8 75.0 96.9 83.3 80.7 
Average ........ 78.8 
, 84.1 .......... ............ .......... . ........... 
Note that the index value' (pounds per hundred of pure live 
seed) is mueh higher for samples 1, 2, 4 and 5 when the modified 
method of analysis was used. This indicates that the retention 
in the pure seed fraction of empty or undeveloped seeds will not 
give the true seeding value of the sample in terms of pure live 
seed. 
On the other hand, the removal of empty, undeveloped and 
immature seeds must be done in a uniform manner without 
which uniform results from purity analyses cannot be expected. 
Furthermore, all germination tests should be made with pure 
seed, and if a lot of seed contains many empty hulls, sterile 
t10rets or many undeveloped seeds which are not removed in a 
standard, uniform manner, then the pure seed fractions cannot 
be uniform and percentages of germination from replicatc 
fractions will differ greatly. 
An illustration of the importance of providing uniform purc 
seed fractions is given by tests made in the Iowa State College 
Seed Laboratory with replicate sub-samples from a lot of Ken-
tucky bluegrass seed. There were 64 sub-samples drawn and an-
alyzed by a uniform method. The mean percentage of pure seed 
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was 88.64 and the range was 87.8 to 89.6. The mean percentage 
of germination was 88.5 as shown by testmg 4 X 100 seeds 
from each of several 
pure seed fractions. 
The index value was 
thus found to be 
78.45. To each of 32 
laboratories a sub-
s amp 1 e, previously 
analyzed but recom-
bined, was sent for 
analysis. The range 
in purity from 26 re-
ports was 87.4 to 
94.2, and the range 
in germination was 55 
to 91. The laboratory 
that obtained 94.2 
percent purity re-
ported· 55 percent 
germination w hie h 
gave an index value 
of 51,81, while the 
highest value obtain-
ed was 82.17. It is 
apparent that the 
pure seed fraction 
from the sam pie 
which had a high per-
centage of pure seed 
Fig. 3. Iowa air blast seed separ or. con t a i ned many 
empty or immatUl't' 
particles, light in weight and incapable of germination, hence the 
index value obtained was not accurate for the lot. There is now 
conclusive evidence that purity. percentages based on the pres-
ence of light weight, immature and undeveloped structures in the 
pure seed fractions are not compensated for in the germination 
result. 
The use of an air blast seed separator such as illustrated in 
fig. 3 and equipped with It device for critical control of air pres-
sure is essential to the uniform analysis of many kinds of seeds, 
particularly those which contain structures that are empty but 
cannot be differentiated readily from normally developed seeds. 
A larger unit of the samc typc is USNl for sudan grass, hl'ome-
grass, wheat grasses and cereals. 
513 
OTHER CROP SEED 
In this class are placed all seeds from plants classed as a crop 
if the amount does not exceed 5 percent by weight of the sample. 
The same rule as to broken, insect-injured and immature seed 
applies as given for pure seed. When anyone kind of crop seed 
exceeds 5 percent by weight the lot is considered a mixture. 
WEK) SEED 
All seeds or plants commonly classed as weeds, including 
noxious weeds, are placed in this class. Shriveled, immature or in-
jured weed seeds clearly incapable of germination are placed in 
the inert fraction, and the paragraph describing inert matter 
includes a list of specific types which should be classed as inert 
materiaL When seeds of path rush (Juncus tenul:s) are present 
in an amount that would not add more than 0.1 percent to the 
percentage of weed seed, they need not be separated with the 
weed seed but may be included with the inert matter. How-
ever, the presence of such seeds should be recorded. 
INER'f MATTER 
The inert fraction includes chaff, empty glumes and attached 
sterile florets of grasses, dirt, stones, fungous bodies (ergot, smut 
balls), broken or insect-injured crop seeds half or less in size and 
such crop seeds as rape, cabbage and other crucifers, legumes 
and flax when the seed coat is absent. In addition the inert 
fraction includes undeveloped and badly injured weed seeds that 
by visual examination are considered incapable of germination. 
The term "visual examination" is an unfortunate one to em-
ploy in the rules for seed testing. It implies that which can be 
perceived by vision· and therefore could be interpreted to mean 
those structures which by external. appearance are plainly un-
developed and could not grow. It could also be interpreted to 
mean those structures which when dissected may be perceived as 
plainly empty and devoid of a seed embryo. 
Repeated observations and tests by the writer have shown 
that in. such families as Gramineae, Polygonaceae, Cyperaceae, 
Convolvulaceae and Compositae, undeveloped structures which 
by external appearance resemble well developed seeds or fruits 
are common and occur frequently in commercial seed samples of 
crop plants. For example, empty fruit cases of (a) sheep sorrel 
and sedge ocC'Ur in bluegrass seed, (b) sour dock occur in orchard 
grass, and (c) Ca.nada thistle and chicory occur in legume seed. 
gmpty seed ea~es of dodder occur in clover and lespedeza seed 
and of bindw('('d in slllail grain seed. Such structures have too 
long been classed as weed seeds by seed analysts. :M:any of our 
seed crons are harvested at a timc when certain wecd plants have 
not developed sufficiently to produce mature, viable seed. Other 
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crop plants may have such plants as Canada thistle .growing 
among them, yet the dioccious character of the Canada thistle 
(Cirsium arvcnse) is such that only a small percentage of its 
flowers arc ever fertilized. Insects frequently infest weed seeds 
and consumc part or all of the embryo. 
Unfortunately in the cleaning process of some grass and 
legume seed lots it is impossible to remove all the empty and 
immature weed seeds without removing a considerable amount 
of good crop seed. This fact is evidenced not only by the 
presence of such stru('tures in crop seed of good quality but also 
bv tests with controlled air pressure in the Iowa Seed Laborator~' 
which reveal that a pressure sufficient to remove all empty or 
undeveloped weed seed hulls will remove many pure seeds of 
bluegrass and orchard grass. '1'he reverse is also true. In carpet 
grass tests many well develoned fruits of Fimbristylis sp. are re-
moved with the empty grass florets. 
Detection of empty or undeveloped structures that resemble 
weed seeds or fruits is impossible by visual examination of ex-
ternal features alone. It is necessary to employ tweezers 01' U 
scalpel. Experience with an air blast seed separator in which 
a ir pressure can be ('ontrolled is of great value in senurnt ing 
firm, well developed and true seeds or fruits of weed plants from 
false seeds or fruits. In conjunction with a binocular or a lens. 
a scalpel or a pair of tweezers it is possible to make au arhitrar~' 
yet reasonably a('curate separation. This proeedure is ne('essary 
if seed testing is to he maintained on a scientific and practical 
leye1. 
There arc instan('es, however, in which external appearance 
may be relied upon to make reasonably accurate separation. 
Certain Im('khorn seeds (39) have heen shown to be non-viable, 
and ashen-colored structures (29) from dodder plants that re-
semble seeds have been found to be infertile and non-viable. 
Sever'll investigators in reports of the Research Committee of tho 
Association of Official Seed Analysts and in the News Letter 
have shown that certain types of weed structures are non-viable. 
These recent efforts to classify weed seeds into two general 
classes marks a change in concept almost as marked as the 
change in concept (35) of what constitutes pure seed. -Wright 
was one of the first to make tests of injured weed seeds and in a 
report to the Inte.rnational Seed Testing Association (54) pro-
posed that weed seeds shOUld he classed as inert matter when 
they are completely crushed or when the embryo is visibly miss-
ing .. It now seems evident that a clearer definition of a seed from 
the seed laboratory point of view is necessary. The writer be-
lieves that insofar as possihle, in seed laboratory practice, the 
term seed should mean a seed, a fruit or a mUltiple fruit (beet) 
in the strictest hotanical sense (with one or more ripened ovules) 
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and that it should apply to either weeds or crops. Acceptance of 
that point of view would immediately result in the exclusion, 
from the category of either crop or weed seed, of all structures 
that never developed an embryo or that have a poorly developed 
embryo. Broken seeds and embryoless seeds present a special 
problem. Embryoless seeds of crop plants in the grass family 
should probably be retained as part of the pure seed fraction 
although placement of such particles and of plainly broken seeds 
of all crop plants in the inert fraction would give an index value 
much more accurate than the present rule provides (29). 
Experimental evidence from many published reports of the 
Association of Official Seed Analysts and from the citations 
already referred to indicates that the following may be con-
sidered inert material. 
(a) Embryoless fruits of all weedy grasses such as Chaetochloa 
spp., Agropyron "epens, Brol1lllS secalintts and Bl'Omll.~ tectol'1t1lt. 
If over hal£ the embryo is absent the seed cannot produce a 
normal seedling and it properly belongs in the inert fraction; 
(b) Infertile and empty structures from dodder plants 
(Cuscuta spp.) which resemble seeds but which are usually 
fragile, ashen-grey to brown in color, somewhat enlarged and 
without an embryo; 
(c) Ragweed seeds (Ambl'osia aI·temaesifolia) with both the 
involucre und pericarp absent; 
(d) Shriveled, blackened seeds of Buckhorn (Plantago lanceo-
lata) ; 
(e) Empty or immature fruits (secds) of the Cyperaceac, 
Polygonaceae. Convolvulaceae and Compositae families resulting-
either from failure of the embryo to develop or from insect 
damage; such structures occur commonly among fruits of Can-
ada thistle, sedge, sour dock and sheep sorrel and among seeds 
of (lodilp.r. 
(f) Empt~' glumes and steri! florets of weedy grasses; 
(g) Naked seeds (seed coats absent) of the species of Brassica 
nsually considered as weeds and of Leguminosae. 
(h) All other crushed or broken weed seeds which appear 
rlearly incapable of germination; 
(i) Bulblets of wild onion and garlic with the basal or stem-
end portion removed. 
An air blast seed separator will aid greatly in separating all 
empty and some sterile structures from normal ones in classes 
(b), (e) and (f). . 
CALCULATION OF PERCENTAGES 
Calculations to determine percentages of pure seed, inert, 
weeds and other crop seeds are made b~' dividing the total final 
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weight into each of the respective weights of the separationK. 
An illustration of the procedure follows: ' 
Red clover tt'St 
W~jght 
in grams 
Sample before analysis ..................... , .. . . . . .. . . . . . . . . 5.028 
Pure seed after analysis ......... , ..............•............ 4.881 
Other crop seeds after analysis ...••.• ' . ' .... : ............... . .030 
Inert after analysis ..•..... , ...•...................•.••. , , .. .088 
Weed seeds after analysis ..•• " " ",' ...... , . , " , , . , ..• , .. , , , .. : , .023 
Total after analysis, " . , , ..•.... , ... " . , . , , " , , , , . , , " . , . , , 5.022 
4.881 5.022 = .9719 X 100 = 97,19 per cent 
.030 0060 5.022 = . X 100 = 0.60 per cent 
s:~~~ = .0175 X 100 = 1. 75 per cent 
.023 00 6 00 5.022 =. 4 X 1 = 0.46 per cent 
Percent 
by weight 
97.19 
.60 
1. 75 
.46 
100.00 
'rhe reduction in weight from 5.028 to 5.022 grams may have 
been caused by loss in moisture or loss of a few particles .. Re-
duction in moisture is quite common and sometimes amounts t.o 
5 percent. In some instances moisture absorption is pronounced, 
depending on the humidity and temperature of thc at.mosphere 
and the condition of the seed. 
SEED IDEN'rIFJCATION 
One of the most important phases of the purity analysis is the 
identification of all the seeds; otherwise it is often impossible to 
plaee a seed in the weed or crop class. Designat.ion as a weed or 
a crop is not always an arbitrary matter because some plant.s 
classed as weeds 10 or more years ago have come to be usell as 
crops in certain areas 01' for a specific purpose. Nevertheless, a 
list of plants generally classed as crops is necessary, and ref-
erence to tables 3 and 4 will as~ist analysts in seed classification. 
The methods employed in seed identification are as follows: 
(a) Examination of external features. By experience it is 
usually possible to place a seed in thc proper family by 
external appearance alone. For example, naked grass 
fruits have a small yet readily distinguishable embryo 
partially enclosed by a relatively large endosperm. The 
hilum and embryo are always on the same end but op-
posite eaeh other. There is no other plant family whose 
seeds (or fruits) have such external features. Grass 
fruits (of commerce) may also be enclosed by a lemma 
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and palea, the palea being partially or completely covered 
by the lemma.' A large number of grass fruits have a 
small stalk (rachilla) attached near the base of the glumes 
on the palea side. The shape, length and degree of pube-
scence of the rachilla aid in identification. The oat grain 
shown in fig. 4, A 1, 2, 3 and 4 illustrates the several 
structures to which reference has been made. Seeds of the 
dock or buckwheat family are really one-seeded fruits 
covered with a; pericarp (ovary wall) and sometimes with 
an extra covering (old flower calyx) over the pericarp. 
The fruits in this family are either flattened or three-
sided, usually brown to black in color and the pericarp is 
commonly lustrous (in some species not). The axis of the 
ovule in this family is straight and the mocropyle is at the 
tip with the hilum at the opposite or basal end as shown in 
fig. 4, E-l. 
Seeds of the pigweed and lamb's quarters' families are 
similar in shape and color and are characterized by a 
narrow embryo coiled around a mealy endosperm. (Fig. 
4, H). . 
Seeds of the cockle family are commonly somewhat 
kidney shaped with the hilum near the center of the con-
cave surface. The surface of the seed coat is usually 
rough" with tubercles arranged either irregularly or in 
concentric rings. (l!'ig. 4," F.) 
Seeds of the legume family vary greatly in size from 
tiny ones like the hop clover to the lima and the horse 
beans. The shape and color are equally variable. Heart, 
kidney, spherical and oval shapes are common. The color 
may be solid or mottled, and the seed coat surface is dull 
or lustrous. One characteristic feature of all legume seeds 
is that the strophiole and micropyle are close to but on 
opposite sides of the hilum. The raphe is also usually 
noticeable. These structures are illustrated in fig. 4, C. 
Secds of the mustard, morning-glory, mallow, vervain, 
mint, plantain and composite families have rather well 
defined characteristics that become evident to an analyst 
as experience is gained. " 
A seed herbarium with verified samples is essential to 
accurate identification of seeds. The seeds may be filed in 
small glass vials and arranged in a cabinet alphabetically 
within each family. It is also helpful to collect the plants, 
mount them on cardboard, place the seeds in a glassine bag 
and attach to the cardboard. This ,vill encourage famil-
iarity with both the plant alld its sceds. The Seed Labora-
tory at Iowa State College will identify seed samples free 
of charge. 
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Fig. 4. Characteristic features of seed in different families. 
B-Gra.s family. 
-Oat grain with lemma (I) and palea (p) showing rachilla (1'). 
-Lemma view of oat grain showing caUus (c). 
-Dorsal view of naked oat grain showing embryo (em) scutellum (s) lind 
endosperm (e). ' 
-Ventral view of naked oat grain showing sulcus (su) and hilum (h). 
-Ventral and dorsal views of sorghum seeds showing same features as in 
naked oat grain. 
-Legume family. 
-Garden bean with raphe (r). hilum (h). strophiole (st) and micropyle (m). 
-Garden bean split longitudically showing cotyledon (cot) and plumule (pI). 
-Longitudinal section of wheat grain sbowing endosperm (e) and embryo 
(em). 
-Buckwheat family. ' 
-Seed of buckwheat with pericarp removed showing hilum (h) and micropyle 
-t:J~itudinal and transverse sections of buckwheat grain showing embryo 
(em) and endosperm (e). 
-Cockle family. 
-Exterior views of com cockle (Agrostemma githago) seeds showing hilum 
(h). 
-Internal view of longitudinal section of corn cookie seed showing relative 
positions of embryo (em) and endosperm (e). 
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G -Pigweed family. . 
Gl -Exterior view of seed of prostrate pigweed (Amaranthul blitold •• ) with 
hilum. . 
02-3 -Longitudinal and transverse sections of pigweed seed wIth embryo (em) 
and endosperm (e). 
H -Goo"eloot family. . 
HI-2-3 -Exterior view of seeds of maple leaved goose foot (Chenopodium hybndum). 
H4-5 -Longitudinal and transverse sections of seed of maple leaved goosefoot 
with embryo (em) and endosperm (e). 
I and J -Mustard family. 
Il -Ext<!rior view of seed of wild mustard (Brassica arvcnsis). 
I2 -Longitudinal section of mustard seed showing cotyledons (cot) and embryo 
(em). 
J1 -Exterior view of seed of false flax (ClLmelina sativa). 
J2-3 -Longitudinal and transverse sections of false flax seed showing embryo 
(em) and cotyledons (cot). 
A fairly good substitute for a herbarium is a set of 
illustrations showing the external features of seeds. Fig-
ures 5 to 21 will be found of great value in seed identifica-
tion. The smallest drawing outline in the illustration of 
each species represents approximately the natural size of 
the seeds. The botanical as well as the common name is 
given under each illustration and will be of value to those 
interested in seed taxonomy. 
(b) Examination of internal structure. 
The arrangement of the embryo with respect to the en-
dosperm, its size and shape are features that are useful for 
family classification. A section perpendicular to the em-
bryo axis of seeds of the goosefoot family will reveal the 
embryo region at the edges of the sections. and a section 
parallel to the axis will show the embryo coiled around the 
mealy endosperm (see fig. 4, H). Figure 4, A, B, D, E, 
F, G, I and J, illustrates the arrangement of the emhl'Yo 
and the cotyledons in seeds of the mustard, buekwheat. 
cockle, pigweed and grass families. 
(c) Phydco-chcmieal methods. 
Light and chemical reactions playa limited part in seed 
identification. The most practical application of light is 
that of the identification of seedlings of Lolium pe1"enne 
(perennial ryegrass) and Loli1l1n multiflo1"urn (annual 
ryegrass) by means of ultra-violet light (23). The roots of 
the latter when groWn on white filter paper fluoresce 
(show violet) if placed under an ultra-violet lamp in a 
dark room. The roots of thc perennial form do not. 
The seedlings of wild white clover may be differ-
entiated reasonably well from those of the common white 
Dutch clover by treating the seedlings with picric acid. 
The seedlings of the wild form contain a glucoside which 
hydrolyzes at 30° C. (86°F.) and liberates hydrocyanic 
acid gas which will react with filter paper previously 
treated with picric acid, thereby producing a brown color. 
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LIST OF SEEDS BY PLANT FAMILIES AND LOCATION OF 
MEMBERS OF EACH FAMILY BY PLATE AND NUMBER, 
Family name 
Common Botanical 
Grass ..... , .. .. •. Gramineae .. , ........ , ..... , ....... . 
Sedge ........... , Cyperaceae ............ , ............ . 
Rush ............ Juneaceae ................... , ..... . 
Lily .. , . , , , , , , , ,. Liliaceae •... , .•. , ...•.. , .•.•.••••.• 
Nettle. . . . .. .. ... UrUeaceae .......................... . 
Buckwheat. .. . ... Polygonacea ........................ . 
Goosefool. , . . .. .. Chenopodiaceae ..................... . 
Pigweed .......... Amaranlhactae .•. , ................. . 
Carpet-weed. • • . •• A irolJeeae .. ..•. , , . , •• , ••. , ......... . 
Cockle .......... ' CaryoPhyllaceae .................... . 
Whitlow-wort.. ••• lllecobraceae (Corrigiolacea. of some 
manuals) ....•... , .•. , .•..•.. , ...• 
Crowfoot. • • • •• ••• Ranunculacea'., ....... , •. , ... , ...•• 
Poppy. . .. .. .. • •• Papa.eracea ............ , ........... . 
Mustard •..• , . ••• Cruci/erae (Brassicaceae of some 
manuals) ........................ , 
Mignonette. .•• _ • .. Resedacea •. ........ , •.• , ....• , ..... . 
Rose .. , . . . • • • • • •• Rosaceae ..... , .•••• , ••••.•• ,"',.". 
Legume.. . . .. . ... LegKminosa • ... , ................... . 
Wood-sorrel. • , .. _ Oxalidacea ........................ .. 
Flax .... _ .. , , .... Linaceae ........................... , 
Geranium (Cranesbil\) . .. •• Gerallil}cea ..................... , ..•. 
Caltrop ......... , ZygoPhylla(.eae ..................... . 
Spurge, , , , •.• _ • .. Euphorbiaeeae, .•. , , , , , , , . , , , , , , , , , , , 
Mallow. • . • .. .... Mal.aceae., .......... , ............ . 
St. Johnswort. _... Hyperiea<4a ... ,.", .. ,', ... ,',.,.". 
Violet ... , •••• , , • , V iolacea., . , .. , ................ , •..• 
Loosestrife .... , . ,. Lylhraceae., •... " ............. , ... . 
Evening primrose. Ollagracea ........ "", , ..• ,.,"', •. 
Carrot •• ,'" , ,.,. UmbelU/era. (Ammiacea. of some 
manuals) .................... , ..•. 
Primrose .. , . . . ... Primulacea ....... ,',., ... , .••• ,., ..• 
Bindweed ... , • , " COllvol.waceae ...................... . 
(morning-glory) 
Borage .. , •• , , , ... Boragillacea •....• , .•.•.•.• ,., .... ,., 
Vervain ..... ",.. Verb.naceae, .. "",.", ... ,., ..... ,. 
Mint ......... , , ., Labiata .... , ................... , ... . 
Nightshade .. , •• ,. Solanaceae .. ",., ..... , .... " ...... , 
Figwort .... , • , , " Scrophwariaceae .. .... , , , , ... , ••• , , , , 
Plantain... .. • .. •. Planlagillauae ..................... . 
Madder ........ ,. Rubiaua •• ..... , ..... , • , , , , , , , , , , , , • 
Valerian ......... , Valerinaua."", .... " .... "" .. ", 
Teasel ...... , ••• , Dipsa"'ceae, .. ", .... , •• "." ••• , ••• 
Bluebell ......... , Campallwae.a •...• •.. , •.•. , ........ . 
Lobelia ..... , , .. •. Lobelia"" ...... " .... , ... ,", ... , .• 
Composite ..... ,." Composita ............ , .... ,"', ... , 
Figure 
no. 
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20 
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8 
8 
8 
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20 
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9 
9 
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12 
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14 
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I to 9 inclusiv~ 
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I and 2 
3 to 12 inclusive 
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16 to 24 inclusive 
1 to 6 inclusive 
7 
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14 to 18 inclusive 
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I 
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4 and 5 
6 
7 and 8 
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6 
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24 
1 
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14 
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7 
23 and 24 
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8 to 24 inclusive 
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22 and 23 
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16 to 20 inclusive 
21 to 24 inclusive 
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Fig. 21. 
Seedlings of the white Dutch form produee 110 sneh re-
action" (13). 
(d) Examination of seedlings. 
Seeds of certain varieties of soybeans resemble each 
other so closely that: identification by seed chul'adcrs is 
impossible. In some of the black-seeded varieties snch 
as Wilson and Laredo it is possible to grow ~'OlU1g seed-
lings and by study of the cotyledons and first. set of true 
leaves to distinguish between varieties (11). " 
Seedlings of European red clover }Hlve hairs appressed 
close to the stem whereas those of the Amcl'ican strains 
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have hairs that stand out prominently perpendicular to 
the stem (20). 
Seeds of varieties and species within the genus Brassica 
are so similar that differentiation is possible only by seed-
ling examination. Cabbage, cauliflower, broccoli, kale and 
turnip seedlings have definite leaf shapes that assist 
greatly in identification (24). 
(e) Field tests. Many wheat, oat, barley and soybean var-
ieties cannot be identified without growing them in the 
field to near maturity when the type of growth, degree of 
erectness, height, time of ripening and other agronomic 
characters can be observed. 
(f) Use of pathological tests. The known reaction of wheat 
and oat varieties to physiologic races of rust and smut 
now makes it possible to either identify some of the new 
resistant varieties or to determine false labeling of lots 
claimed to be resistant. The relative resistance or suscepti-
bility of varieties of cabbage, tomato, flax and water-
melon to fusarial wilt organisms may be determined in 
the seedling stage. It is necessary to use either naturally 
or artificially-infested soil for such tests and to plant as 
checks, the seed of highly resistant and highly susceptible 
varieties for comparison with the unknown lot. 
SPECIAL PROBLEMS IN SEED IDENTIFICATION 
Certain crop seeds resemble weed seeds in the same genus or 
family so closely that differentiation is difficult. The resem-
blance bet\veen common weed seeds and those that are classed as 
noxious is also frequently close. This condition requires that 
whenever possible distinguishing features be described so that a 
reasonable degree of certainty can be achieved. The more im-
portant cases are as follows: 
Barnyard (Echinochloa crus-galli) grass and Japanese millet 
(Echinochloa fmmentacea); 
Chess (Brontns secalinus) and other species of Bromus ;" 
Dallis grass (Paspalmn dilatatmn) and other species of Pas-
palum; " 
Field bindweed (Convolvulus arvensis) and wild morning-
glory (Convolvulus sepittnt); 
Foxtails (Chaetochloa spp.) and millets (Ohaetochloa italic(l 
and Panicwn miliace1l1n) ; 
Johnson grass (Holcw; halepensis) and Sudan grass (HolC1ls 
sorghum var. slldanensis); 
Meadow fescue (Feshtca elatior) and ryegrass (Lolium spp.); 
Quack grass (Agt"Opyron repens) and wheat grasses (Agropy-
ron spp); 
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Wild oats (Avena fatua) and false wild oats (Avena sativa); 
Wild ground cherry (Physalis spp.) and horse nettle (Solan1l1n 
cal'olinense and S. elaeagnifolium); 
Wild mustard (Brassica spp.) and rape. 
The more important features which assist in the differentia-
tion of similar kinds of seed are given in tabular form in those 
cases when such an arrangement is considered helpful. In ad-
dition, the seed of eaeh kind is illustrated in figs. 5 to 21. Ar-
rangement of species and genera in each figure is by plant 
family. 
DIFFERENTIATING FEATURES OF BARNYARD GRASS 
AND J'AP ANESE MILLET. 
. 
Name Outer glumes 
Size or shape of 
spikelet (and/or floret) Color of lemma 
Barnyard grass . Outer glumes long, Oval in outline, acute Lemma green to gray, (Echinochloa awn.pointed, margins at apex. greatest width veins indistinct to 
crus-gal/i) usually with long near center noticeable 
bristles t sometimes 
short 
Japanese millet. Outer glumes slightly Broad near base, short Lemma graYt veins usu .. (Echinochloa awn-pointed with in relation to width, aUy prominent frumen/acta) short teeth on the blunt at apex 
margins 
CHESS AND OTHER BROMUS SPECIES. 
Name Shape of fruit 
with glume. Lemma Naked fruit 
Chess ...•••.... Sturdy, somewhat cyl- Short awned. wrinkled Edges thick, usually (Brom .. $ indrical in outline, on back, adhering to folded in well toward 
secalinus) blunt at apex-folded fruit the palea. sides straight 
Japanese brome . Slightly broadened at Awned, smooth on Edges thin, slightly (Bromu$ japoni. apex. Slightly to back, wider than fruit curving or folded in 
cus) prominently folded toward palea 
Downy brome .. Long, slender curved Long awned, rough Slender, curved, flat-(Bromus backward on lemma and hairy, adhering tened or folded in 
ltc/Drum) side to fruit slightly toward palea 
Soft chess ...... Broad at apex. flat, Short awned if not Usually flattened, se1-(Bromus moll is) taperi ng toward base broken t wrinkled on dom rolled inward 
back 
Smooth brome .. Usually broad at apex Awnless Usually flattened. Im-
(Bromus but tapering gradual- mature fruit. some .. 
itzermis) ly toward base times rolled inward 
DALLIS GRASS AND PASPALUM SPECIES 
The fruits of Bahia grass (Paspal1Olt notatum), Paspalmlt 
laeve and Paspalmn setaceu11t are usually free from the outer 
glumes, the palea side is flattened and the lemma side is prom-
inently humped. The fruits of dallis grass (Paspalum dilatatunt) 
are usually covered with the outer glumes which are prominently 
hail'~·. The lemma side is rounded rather than humped. 
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~'IELD BINDWEED (Convolvulus arvensis) AND 
WILD MORNING-GLORY (Convolvulus sepillJn) 
The seeds of these two plants are rather distinctly different 
in size, field bindweed seeds being the smaller and more angular. 
In most cases the seeds of field bindweed have two flattened 
faces and a third face romided and prominently humped. The 
surface of the seed coat is covered with tubel'cles which arc 
readily seen under magnification_ 1'hc seeds arc broadest at the 
center, taper somewhat toward each end but more so toward 
the hilum which is almost on the narrow euli. The seeds of wild 
morning-glory are irregular in shape, broad at one eud and 
taper toward the hilum which is large and located silghtly above 
the point. The seeds are either angular or the edgcs are rounded 
and the seed coat surface is slightly to prominently roughencct 
MEADOW FESCUE AND RYEGRASS (53) 
_. 
Name Rachilla Palea Lemma 
Meadow fesque . Rounded or oval in Edges usually smooth, Awnless, usually buff 
(F,sl"", '/Qlio,) cross section: enlarged sometimes toothed colored, but occasion-
at apeXj seldom ap- ally light brown 
pressed to palea, often 
bowed 
--
/"\nnual ry("grass. Flatte-ned in cross sec- Edges usually toothed, Awned unless broken; 
(Lolium mu/fi- lion; sides mostly par-
I 
~ometimes smoot h light brown to medium fio,um) allel; .eldom enlarged brown; seldom buff 
at apex; usually ap- colored 
pressed close to palea 
Perennial rye- Similar to annual form Similar to annual form Awntf'ss, usually light 
grass but more uniformh'. to clark brown, sddom 
Lolium erenne a ressed and not buff color~d p )1 pp 
enlarged at apex 
In size and sllUpe the seeds of the ryegrasses and meadow fes-
cue arc similar, Immature or small seeds of meadow fescue often 
have slender, long and somewhat flattened rachillas_ 
JOHNSON GRASS AND SUDAN GRASS (18). 
Size and shape of: Color of: 
-----
Name Spikelet Fruit Spikelet Fruit Pedicels 
] ohnson grass . Smaller than Greatest Mostly dark Amber,lus- Enlarged and cup-
(H oIeus hale- sud a n width above brown to trOllS shaped at ape", 
pensis) sharply center. black, occa- sometimes hairy, 
pointed at broad and sionally buff frequently not 
apt'x, round- b I u n t at 
ed at base apex. taper-
ing toward 
embryo end 
Sudan grass ... Pointed at Greatest Usually buff, Dull, light Ends jagged, not (Hohu .. so,- apex. taper- width at "en- sometimes to dar k enlarged; .ides Us-
ght4tn var. su- ing towards ter, tapering brown or brown, ually hairy 
danensi!i) base toward each or black greenish 
end when imma~1 
ture ' 
--
Name 
Green foxtail. , ,. 
(Chaefoch/oa 
1.'iridis) 
-------
Yerow foxtail, , , 
«(haefoch/oa 
l"l.seens) 
Foxtail millet, , , 
(H ungarian, Si· 
berian, Com-
man, German) 
(Chae/othloa) 
i!alica) 
Proso or broom 
corn millet 
(Panicum 
miliaceum) 
Name 
Crcsted wheat· 
grass 
(Agropyron 
cris/alum) 
Quack grass, , ,-, 
(Agropyron 
repen') 
Slender wheat-
grass 
(Agropyron 
Pauciflaruml 
Western wheat-
grass 
(Agrapyron 
smilhii) 
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FOXTAILS AND MILLETS. 
-----
Shape of spikelet Color Lemma 
Oval. somewhat taper- Green, mott]rd, brown, Dull. sometim,'s ridged, 
ing toward apex; small purple, almost black frequently flattened 
ahove the callus 
Flat on palea side, Greenish, yellow or Very rough on back 
humped on 
fruit large 
lemma; dark with transverse ridges 
Broad and blunt as in Greenish. pale yellow, Smooth, lustruus. veins 
German, somewhat orange, purple, brown faint to prominent as 
tapering in others, ami almost black in German variety. 
Larger than seeds of tlattened above callus 
green foxtail 
Broad, blunt, larger Yellow, reddish, brown, Glos~y. smooth, veins 
than any of the fox-
tail millets 
purple, orange prominent 
QUACK GRASS AND WHEAT GRASSES (17, 25) 
Rachilla Palea I Lemma 
Usually short, thick Edges usually with Keeled on back, Sharp. 
and hollowed at end; prominent teeth; mar- ly awn-pointed, callus 
stands out from palea gins folded toward short and blunt 
each other 
Sides usually parallel; Tip rounded or slightly 
I 
Straight. awnless. awn-
smooth or slightly cup shaped,onlYP3rt- pointed or short-awned; 
rough; appressed close lyexpoIICd prominent bulge above 
to palea callus with no notch 
I 
between 
Sides mostly parallel, Tip similar to Quack Offset from lemma1awn-
sometimes broadened grass bu t the palea is less. or awn-pointed; 
at apex, mostly ap- more exposed and tlat· slight bulge above cal· 
pressed to palea; sur- tenedj distinct from ! Ius with no notch be-face covered with soft lemma at apex tween~ callus often 
hairs hairy 
Broad at apex. narrow Tip with a cleft at apex; Straight, awnless or 
at base, not appressed more open, broad and awn .. pointed. Base not 
cJOSf" to palea; surface tlat than in Quack- bulged but with a 
often sliglJtly hairy gras~ prominent notch be-
tween it and callus 
WILD OATS (Avena fatna) AND 
FALSE WIW OATS (Avena sativa var.) (26) 
Externally the seeds of true and false wild oats are ver~­
similar, Both may be buff, brown or black; they have a twisted 
awn arising from the back of the lemma; the ('allus and raehill<l 
are usually covered with hairs, and the base of the callus is large 
and open like a "sucker mouth." In size the false wild oats 
are usually somewhat larger than true wild oats but this dif-
ference is not uniform and is undependable as a means of dif-
ferentiation. 'fhe best information to date is that false wild oats 
arise by mutation from cultivated varieties_ They are, therefore, 
classed as crop seed, wllile wild oats are classed as a weed and 
in many seed laws are classed as noxious, hence differentiation 
is important. 
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The only reliable method of differentiation is to examine the 
. naked grain. The naked grain of the false wild oat has a prom-
inent scutellum above the embryo proper while in the true wild 
oat this region is not discernible. Figure 21, No.2, illustrates 
the difference. 
WILD GROUND CHERRY, HORSE NETTLE AND WHITE HORSE NETTLE 
(Purple nightshade) 
In several of the northern states the seeds of horse nettle, 
Solanum carolinense, are classed as noxious, in some of the south-
ern states the seeds of white horse nettle, Solanum elaeagni-
folium, are noxious and in one of the western states the seeds of 
ground cherry, Physalis sub glab rata, are classed as noxious. 
Seeds of all three species are given in figs. 20 and 21. Seeds of 
Physalis subglabrata and of several other species of wild ground 
cherry are slightly smaller than those of the common horse net-
tle and considerably smaner than white horse nettle seeds. With 
one known exception, wild ground cherry seeds are lemon yel-
low (one species has purple seeds), quite uniformly rounded in 
shape, and the surface of the seed coat is noticeably pitted as 
viewed under a magnifier. Horse nettle seeds are normally 
yellowish brown or dirty brown, irregular in shape, but more 
commonly narrower at one end than at the other, {ind the seed 
coat surface is usually smooth, seldom faintly pitted. Seeds 
. of white horse nettle are nearly Vs inch in diameter, somewhat 
rounded or narrowed at one end, dark yellow or dirty brown in 
color and the seed coat surface relatively smooth. 
WILD MUSTARDS AND RAPE 
Seed of three common species of mustard are frequently 
classed as noxious in some midwestern states. These species 
are black mustard (Brassica nigra), Indian mustard (Brassica 
.iuncea) and wild mustard (Brassica arvensis). Seeds of Dwarf 
Essex and other varieties of rape at first glance appear similar 
to some or all of these mustards. Differences are given in tabular 
form as follows: 
Name Shape and size of seed Color I Seed coat surface 
Dwarf essex rape Irregular but mostly Mostly black, occa· Somewhat pitted, but (Brassica nap us spherical or flattened sionally brown not prominently 
var.) on one side. Mostly 
larger than the mus· 
tards 
Black mustard .. Oval, smallest of three Brown and often co"- Prominently pitted (Brassita nigra) mustards ered with a whitish 
membrane 
Indian mustard. 
(Brassita juncea) Oval or sub-spherical Brown 
Prominently pitted 
Wild mustard ... Spherical, small, fairly Black when mature, Smooth or faintly pitted (Brassica ar- uniform in shape and brown when immature 
t'ensis) size 
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GERMINATION TESTS 
The primary purpose of a germination test by a seed lab-
oratory is to determine the ability of seeds to grow and produce 
plants. It is necessary to have a standard by which seed via-
bility may be measured. By some it is held that tests in soil 
under condit~ons as natural as possible should constitute the 
standard. Others have attempted to provide laboratory or 
greenhouse conditions intermediate between optimum and un-
favorable conditions. The major difficulty in such approaches to 
the problem is that field conditions are too variable to allow 
the use of natural soil as a medium for germination. Drainage, 
fertility, physical condition, chemical reaction, amount of water 
and the fungous flora of soils are such variable factors that it 
would be impossible to provide a -laboratory environment closely 
approaching natural field conditions. 
The safest standard for germination tests would appear to be 
optimum. conditions for each species or kind. This standard' 
should measure the maximum. viability. Field response may 
seldom be expected to equal that obtained in the laboratory, al-
though many published records show that occasionally the per-
centage germination in the field of a given lot may equal or even 
exceed the percentage of normal seedlings obtained in the lab-
oratory. The field germination of the larger seeds such as corn. 
beans, peas, pumpkin, squash, soybean, watermelon and the 
small grains approaches more nearly to the laboratory index 
than does that of small seeds such as clovers and grasses. If this 
proposed standard is employed then it should be possible to 
grade lots of seed of a given kind as to their relative ability to 
produce a crop in the field. There are specific cases, however, 
in which it is desirable to know the response of seeds to un-
favorable conditions. For this purpose certain special tests 
have been provided. They will be described later under "cold 
tests" or "tests for diseases. " 
The sections on hard seeds, dormant seeds, pathological tests 
and interpretation of tests will assist in an understanding of the 
problems involved in determining the ability of seeds to produce 
plants. 
HOW TO MAKE TESTS FOR GERl\UNATION 
There are several basic requirements for seed germination 
that must be met if maximum viability is to be determined. They 
are: 
(a) Adequate supply of water, (b) favorable temperature, (c) 
supply of oxygen, (d) favorable seedbed, (e) pcrmeable seed 
coats and non-dormant embryos and (f) absenee or control of 
highly parasitic organisms. 
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In addition to the above requirements some seeds require light, 
some an acid medium and others the addition of nitrates such 
as a dilute solution (0.2 percent) of potassium nitrate. 
Accurate counting of seeds for the germination test is im-
portant. A vacuum pump to which a hose, valve and counter 
plate arc attached serves well to count seeds ranging in size from 
redtop to wheat, oats and sorghum. The plate may have 100 or 
200 holes at each of which a seed may be held by suction until 
placed on the germination medium. Larger seeds may be counted 
by means of counter boards as shown in figs. 22 alld 23. 
)Iatcrials used as a seedbed include blotters, towels, kimpack, 
sawdust, sand and soil. For small seeds of field, flower and 
vegetable crops, blotters are most commonly used. The seeds are 
placed either between one fold of blotters or on top of a blotter 
in a covered petri dish. Rolled paper towels, kimpack, sawdust, 
sand and soil are used for such large seeds as corn, peas, heans, 
pumpkin, squash and cereals. 
Within recent years sand has received major attention as a 
medium for the germination of many kinds of seed. The Iowa 
State College Seed Laboratory has conducted extensive studies 
with sand as a medium for the germination of many kinds of 
seed with the result that sand has been adopted by the laboratory 
Fig. 22. A 200-hole counting board for corn. 
G4G 
Fig. 23. Seed counting boards. Left-peas and soybean.. Right-cucumber and melons. 
as a standard medium for such seeds as corn, soybcan, gardcn 
bean and pea, pumpkin, squash, watermelon, cantaloupe, cu-
cumber, horse bean, cowpea, barley, oats, wheat, rye, sorghum. 
vetch, field pea, bluegrass and reed canary grass. Builders' saud 
properly sterilized and placed in pans, flats, or benches serves 
as the medium for all large seeds. Organisms in the sand are 
controlled by subjection of the sand to radiated heat from either 
,high pressure steam pipes or electric heating elements enclosed 
in a wooden container lined with galvanized iron. Two types of 
sterilizers are illustrated in figs. 24 and 25. Thc sand is satu-
rated with water and then heated for not less than 15 hours at 
a temperature of about 70·C. Gcrmination of seeds in sand 
benches is illustrated in fig. 26. 
Seeds of bluegrass (31) and reed canary grass are testcd on 
top of either screened river sand free from clay, or quartz sand 
(Flint Silica or Black Hawk No.2) placed in covered petri 
dishes. The sand is heated in an oven over an electric plate for 
6 hours and then moistened with distilled water to slightly 
above the saturation point. The same grade of quartz sand is 
also used to measure the emergence of seedlings of clovers, 
alfalfa, flax, lespedeza, onion, cabbage and other Brassica species. 
The sand is placcd in copper boxes 4%" x 9" x 1%" and the 
seeds are arranged between two layers with the top layer of sand 
about 0 inch thick. The sand is covered with a moist blotter to 
which water may he added as ncedcd. When the majority of the 
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Fig. 24. Electrlo sand 
pasteurizer. 
seedlings have 
emerged sufficiently 
to raise the blotter 
above the sand 'the 
.blotter shOuld be re-
moved. At the end of 
the required period 
the seedlings may be 
pulled and examined 
for the presence of 
essential . structures. 
Spinach seed may be 
planted on top of a 
layer of moist sand 
and covered 0 n 1 y 
with a blotter which 
should be kept moist 
for the duration of 
the test. 
The duration of 
the test, the. tem-
perature r e qui r e -
ments, the number of 
seeds to plant, the 
substrata to use and 
other special require-
men t s 'for several 
kinds of seed are giv- . 
en in table 4. Witk 
few exceptions the 
data in table 4 are 
tke same as given in 
tke Rules for Seed 
Testing under· the 
Federal· Seed Act. 
The exceptions are 
based on the results 
of experiments con-
ducted in the Iowa 
State College Seed 
Laboratory. Labeling 
of. seeds for skipment 
in interstate com-
merce s 11, ou 1 d be 
Fia'. 25. Sand pasteurizer 
with steam coils. 
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Fig. 26. Sand bench for seed germination. 
based on tests made according to federal niles in all cases. 
DETERMINATION OF HARD SEEDS 
Impermeable or hard seeds occur commonly in samples of 
clovers, alfalfa, lespedeza, peas, beans, soybeans, vetch, morning-
glory, okra and asparagus seeds .. The presence of such seeds in 
germination tests may be readily detected in blotters or towels. 
These seeds are firm or hard, unswollen, usually bright, fresh 
in appearance and relatively free from molds. They are distinct 
from dead seeds, which are often moldy, mushy and decayed. 
All hard seeds should be counted and recorded in each test. In 
some cases these seeds, which vary in the degree of impermea-
bility, may be slightly swollen at the end of a test and if left 
longer will germinate. Experience with these seeds will sharpen 
one's judgment in · recognizing them and distinguishing them 
from dead seeds. They should be included with the hard seed 
count. It is possible to determine the number of unswollen or 
hard seeds of the large seeds such as peas and beans in sand 
tests. They are large enough to be observed when the sand is 
stirred after the seedlings are removed. 
The causes for impermeable seeds are not completely under-
stood. Many theories have been advanced, but from the prac-
TABLE 4. TEMPERATURE, SUBSTRATA AND OTHER 'SPECIAL REQUIRE-
MENTS FOR LABORATORY GERMINATION OF SEEDS. 
Name of seed 
1. Field crops 
Alfalfa .............. . 
Barley •.............. 
Beet ................ . 
Bentgrass 
Creeping (seaside) .. . 
Highland .......... . 
Others ............ . 
Bluegrass 
Canada ........... . 
Kentucky ......... . 
Rough ............ . 
Brome-grass . ......... . 
Buckwheat .......... . 
Clovers 
(a) Alyce ......... . 
(b) Alsike. crimson .. 
Persian, red . .... 
Sweet,strawberry 
(c) Souro Ruckling .. . 
(d) White ......... . 
Dogtail ............. . 
Cowpeas .......... " , 
Corn, al1 kinds .. , , ... . 
Crotalaria .... , , , .... . 
Fescue 
Hair ....... , , ... , ,. 
Meadow .......... . 
Others ....... , , ... . 
Flax ................ . 
Gras. 
Bermuda ........ , , . 
Carpet ..... , .... , .. 
DaJlis., ....... , ... . 
Johnson ........... . 
Orchard ........... . 
Reed caaary ....... . 
fS~~~: : : : : : :: : :: : : Lespedeza .{. Chinese ......... . 
Common and 
Korean ......... . 
Lupine .... .......... . 
Medick. black ....... . 
Millet 
Broom corn (proso) . 
Brown top, ....... . 
Cattail (Pearl) ..... . 
FoxtaiL .......... , . 
Japanese .......... . 
Oatgrasso tal1' .. , .... . 
Oats ................ . 
Peas (field) .......... . 
Rape ............... . 
Red top ...•.......... 
Rye ............... ,. 
Ryegrass .......... , , . 
Sainfoin ............. . 
Sorghum ............ . 
Soybean ........... ,. 
Timothy .. , ......... . 
Special methods I I 
Days after I 
Temper· planting 
Sub- atur. --------
. strata * cC. First Second 
count count 
---------------1----·------
B,Sa 
B,S 
B 
P 
P 
P 
PS 
PS 
PS 
B 
B 
Bo Sa 
B, Sa 
Bo Sa 
Bo Sa 
B 
B 
P 
S 
S 
Bo Sa 
P 
P 
P 
B 
P 
P 
P 
P 
P 
PS 
B 
Bo Sa 
B 
B 
B,S 
B 
B 
B 
B 
B 
B 
P 
B,S 
5 
B 
P 
5 
P 
B 
B,S 
.5 
P 
20 
20 
20-30 
20-30 
20-30 
20-30 
20·30 
20-30 
20-30 
20-30 
20-30 
30 
20 
20 
20 
20 
20 
20-30 
20-30 
20·30 
or 30 
20·30 
10-25 
20·30 
15-25 
20-30 
20-35 
20·35 
20-35 
25-40 
20-30 
20-30 
20-30 
20-30 
20·35 
20-35 
20 
20 
20-30 
20-30 
20-30 
20-30 
20-30 
20-30 
20 
20 
20-30 
20·30 
20 
20-30 
20-30 
20·30 
or 30 
20-30 
or 30 
20·30 
3 
3 
3 
10 
10 
10 
6 
3 
3 
.3 
3 
10 
3 
3 
10 
5 
7 
3 
7 
10 
7 
5 
7 
5 
3 
3 
7 
7 
3 
3 
4 
3 
4 
4 
6 
4 
3 
5 
5 
4 
3 
5 
5 
7 
7 or 8 
14 
28 
28 
21 
28 
28 
21 
14 
6 
21 
14 
10 
21 
10 
7 or 6 
10 
28 
14 
21 
7 
21 
21 
21 
18 
18 
21 
10 
7 
28 
14 
21 
7 
7 
14 
7 
10 
10 
14 
10 
10 
7 
10 
10 
14 
10 
. iii' 
8 or 
6 
to 
In ~and make one count 
Prechill fresh .eed 100e. 
5 days 
Soak in water 2 Ius., wash 
in running waterl then 
plant 
Potassium nitrate!; light 
Potassium nitrate 1; tight 
Potassium nitrate'; light 
Potassium nitrate; light 
Light: chill fresh seed. 
0.1% KNO, 
Light; chill fresh seed. 
0.1% KNO, 
Light for fresh seed. 
Sweet cIOVPT, crimson and 
red dover in sand one 
count 
Light; chill fresh seed 3 
days 10°C. 
Potassium nitrate 
Potassium nitrate; light 
Potassium nitrate; light 8 
hours daily 
Potassium nitrate; light 
Sulfuric acid 30 min. 
Light; excess of water 
Light; fresh seed potas-
sium nitrate 
Use sand for treated seed 
Fresh seed often responds 
to chilling 
Fresh seed often responds 
to chilling 
Light 
Chill dormant seed 5 days 
looe_ 
10 days for bird rape with 
light and KNO, 
Light 
Light; chill fresh seed 5 
days lOOC .. 
Use sand for treated seed 
Chill fresh seed of sweet 
varieties 5 days to°C. 
Light; chill fresh seed 3 
days loce 
Name of seed 
TABLE 4-(Contlnued) 
Sub-
strata* 
Days after 
Temper- planting. 
ature ------
·C. First Second 
count count 
Special methods 
--------1-------------(--------
Trefoil. birdsfoot ••••.. 
Vetcb (a) Common, Hun-
garian and purple 
(b) Hairy, narrow-
leaf and wooly 
Wheat 
pod .......... .. 
Common .......... . 
Durum .......... .. 
Wheat grass 
Crested ........... . 
Slender ........... . 
Western ........... . 
2. Vegetables and herbs 
Asparagus ........... . 
Beans 
Garden ..•..•.•.... 
Horse ............. . 
Lima ............. . 
Beet, Swiss chard and 
mangel ........... . 
Brassica oleracea ..... . 
Cabbage, collards, 
kale, brussels sprouts, 
cauliflower, broc-
coli and kohlrabi 
Carrot •...•.......... 
Celeriac and celery .•.. 
Chicory .............. . 
Citron .............. . 
Corn salad .......... . 
Cress •••....•........ 
Cucumber and canta-
loupe 
Dandelion ........... . 
Dill ....•............ 
~~~i~:'~~::::::::::: : 
Lettuce ............. . 
Mustard, India ...... . 
B 
B,S 
B,S 
B.S 
B,S 
P 
B 
P 
B,S 
S 
S 
5 
B 
B 
P,B 
P 
P 
B,S 
P 
P 
S 
P 
B 
P 
P 
P 
P 
Okra .......... .'..... B 
Onion and leek ... , . . . . B. S 
Parsley.... .......... P 
Parsnip.,............ B 
Peas................. S 
Pepper............... B 
Pumpkin........ ..... S 
Radish............... B 
Rhubarb ............. Topsoil 
Rutabaga............ B 
Salsify............... B, S 
Sorrel. .. . . .. . . . . . . . .. Top soil 
Spinach . 
Common ....•...... Topsand 
New Zealand ...•. " Top soil 
Squash........ ....... S 
Tomato 
Common .......... . 
Husk (ground cherry) 
Turnip .............. . 
Watermelon .•.•...... 
B 
P 
B 
S 
20 
20 
20 
20 
20 
20-30 
'20-30 
20-30 
20-30 
20-30 
or 30 
20 
20-30 
or 30 
20-30 
20-30 
20-30 
20-30 
20-30 
20-30 
20 
20 
20-30 
or 30 
20 
20-30 
20-30 
20 
20 
20-30 
':io' 
20-30 
20-30 
20 
20-30 
20-30 
or 30 
20 
20-30 
2()'30 
20 
20-30 
10 
20-30 
20-30 
or 30 
20-30 
2()'30 
20-30 
2()'30 
or 30 
3 
4 
3 
3 
5 
5 
10 
7 
5 
5 
5 
3 
3 
6 
10 
5 
7 
7 
4 
7 
7 
7 
5 
3 
3 
4 
5 
11 
6 
6 
4 
3 
7 
3 
5 
3 
7 
5 
4 
5 
7 
3 
7 
10 
14 
7 or 8 
10 
14 
14 
35 
21 
10 
10 
10 
14 
10 
28 
21 
14 
14 
28 
10 
10 or 
7 
21 
21 
14 
14 
5 
7 
21 
10 
28 
28 
8 
14 
7 
6 
21 
7 
10 
14 
21 
28 
7 
14 
28 
7 
14 or 
10 
Chill fresh seed 5 days 
IO"C. 
Chill fresh seed 5 days 
10°C. 
Light; fresh seed IS·C. 
Potassium nitrate 
Fresh seed often responds 
to potassium nitrate and 
chilling 
Light 
Light; potassium nitrate 
Fresh 'seed at 10" or IS·C. 
. Light; potassium nitrate 
Light; 2 hro. daily; chill 
fresh seed 3 days 100C. 
Light; chill fresh seed 
with nitrate 
Only one count in sand 
Light 
Chill fresh seed 3 days 
IO"C. 
Light 
Cover with blotter 
Not too wet 
Light 
Many samples completed 
(90 to 95% germination) 
in 7 to 10 days at 30DC . 
'" B=Blotters (folded); P=Petri dish with 2 thicknesses of blotters; PS=Petri dish with 
quartz sand; S=Builder's sand in benches, pans or f1als; Sa==quartz sand in small pans 
or paraffin paper boxes, 
t S· C.=4I·F. IO"C.=50·F. IS·C.=59"F. 20"C,=6soF. 2S·C.=77·F 
30"C.=s6·F. 3S·C.=9S·F. 
'. Potassium nitrate (KNO,) is prepared by dissolving 2 giams in I liter (1000 mI.) of water 
which makes 0.2 percent solution. For KentUcky bluegrass use 0.1 percent. . 
It is recommended that 400 seeds be used for each germination test whenever possible. 
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tical standpoint the important thing to know is that an area in 
the layers of the seed coat is impervious to water and without· 
water germination is impossible. 
TREATMENT OF DORMANT SEEDS 
Seeds of many grasses, some of the cereals, certain varieties 
of lettuce, crucifers and many kinds of trees and shrubs are 
frequently dormant when harvested. The most common causes 
(7) of dormancy are: 
a. Immature and undeveloped embryos. 
b. Seed coats impervious to entrance of water. 
c. Covering of embryo, seed coats, or pericarp prevents ade-
quate exchange of carbon dioxide and oxygen for germi-
nation. 
d. Seed or fruit covering too tough to permit expansion of 
embryo and emergence of radicle. 
In germination tests it is possible, with some experience, to 
differentiate dormant from dead seeds. Dormant seeds are us-
ually free from mold, fairly firm, bright and fresh in ap-
pearance. They are not mushy and decayed but they can be 
crushed with tweezers or between the fingers whereas hard 
seeds cannot. 
Freshly harvested seeds of wheat, barley, oats, bluegrass, 
orchard grass, ryegrass, meadow fescue, bentgrass, sorghum, 
sudan grass and millet are often dormant. Seeds of the new 
oat varieties-Tama, Boone and Vicland-are usually dormant 
when harvested and dormancy often persists until the spring 
months. 
There are six common methods that· may be .employed to 
break seed dormancy and bring about fairly prompt germina-
tion. Drying of the seeds either naturally or with artificial heat 
often breaks the dormancy of grains and grasses. Exposure for 
24 hours in an oven at 1050 to 108°F. is usually sufficient time. 
A second method most successfully used with cereals and grasses 
(50) is to place the seeds in a moist condition at a tempera-
ture of 400 to 50°F. for 3 to 5 days after which they may be 
transferred to the temperature that is favorable for the germ-
ination of non-dormant seeds. Dormant seeds of trees and 
shrubs are commonly stratified by storage between layers of 
moist peat moss for several months with temperatures slightly 
above freezing. The other three methods consist of treatment 
with sulfuric acid to remove outer seed or fruit coverings, ad-
dition of 0.2 percent potassium nitrate solution to the seeds in 
place of water, and exposure to light. Combinations of light 
and nitrate, light and low temperature or other combinations 
are also employed. Low temperature and light are required for 
dormant lettuce seed, light and nitrate for Canada bluegrass, 
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bent grasses and some crucifers, and low temperature and ni-
trate are frequently beneficial for freshly harvested Kentucky 
bluegrass seed. 
.P ATHOLOGICAL TESTS 
DETECTION OF SEED-BORNE ORGANISl\lS 
"Within recent years a few seed analysts (8, 27, 30, 32) have 
placed considerable emphasis on the need for including in the 
service of seed testing the determination of organisms carried 
by seed lots, especially those of a pathogenic nature capable of 
inflicting serious losses on the subsequent crop. It has been rec-
ognized, for example, that many seed lots which possess high 
purity and high germination carry organisms that cause serious 
crop losses. Other organisms may be primarily responsible for 
reduced germination. Recognition of the relation of disease-
producing organisms to the practice of seed testing has resulted 
in the application of certain pathological techniques to seed lab-
oratory procedures. 
Three major techniques have been employed (a) development 
of practical methods for determining the presence of seed~borne 
organisms, (b) identification of the specific organisms and (c) 
measurement or interpretation of the significance of the organ-
isms found. 
Determination of seed-borne organisms in a modern seed lah-
oratory is accomplished primarily by four methods (30). The 
first involves washing of seeds in sterile water either·by shaking 
or centrifuging, after which microscopic examination of the 
washings is made to determine what fungous spores are present 
(12). This method is simple and rapid and although it does not 
reveal the percentage of seeds infected it does give some indica-
tion of the prevalence of organisms on the seed. It is even pos-
sible to measure the spore load by the use of a hll.emocytometer 
( 41). This method is especially applicable to the detection of 
smut spores carried by seeds of cereal grains, millet and sor-
ghum. . 
A second method consists in either plating on sterile agar seeds 
that mayor may not be surface disinfected or in planting seeds 
properly spaced on top of moist blotters in large petri dishes. 
If such tests are conducted at the proper temperature it is us-
ually possible to determine if certain specific organisms are 
present,. the approximate percentage of infected seeds and an 
estimate of the probable injury to germination. This method is 
especially applicable to seed corn infected with dry rot fungi, to 
wheat, barley, oats and sorghum infected with seedling blight 
organisms, to peas infected with pea blight organisms and to 
soybean and garden ~ean seeds infected with anthracnose fungi. 
In some cases the wilt producing organisms on seeds of cabbage, 
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flax, tomato and watermelon can be detected by. this method. 
A third method involves planting seeds in autoclaved Roil or 
sand, either in a greenhouse or laboratory, maintaining the 
proper temperature and humidity, and noting such symptoms as 
wilt and seedling blight after the seedlings have emerged. The 
presence of organisms that cause seedling blights of corn, wheat, 
barley, oats, sorghum, beans and cabbage, and of those that 
cause fusarial wilts· of cabbage, flax, tomato and watermelon 
can be detected with reasonable accuracy by this method. ' 
A fourth method has to do with the detection of virus diseases 
either in seeds or vegetative, propagative organs of plants. This 
method requires planting of seeds, bulbs or tubers in a green-
house in which temperature and light are adequately controlled 
to effect an expression of virus disease symptoms. Mosaic of 
potatoes, yellow dwarf of onions and mosaic of beans are some 
of the diseases whose symptoms can be detected by this method. 
A partial list of the organisms or viruses whose presence in 
seed stocks may be detected in a seed laboratory is given in table 
5. The identification of new or unfamiliar organisms requires 
the assistance of a mycologist and the employment of well known 
laboratory techniques which may cause the appearance of fruit-
ing structures that aid in the identification of organisms. 
Measurement or evaluation of probable injury that organisms 
may eause requires experience and familiarity with the condi-
tions that determine the expression of disease. Field experiments 
comparing the data from laboratory studies with field response 
have been employed with some success (32) in evaluating the 
significance of seed-borne organisms and have thus aided the 
seed analyst in subsequent observations. In general, when smut 
spores are present on seeds or when seedling blight fungi are 
carried by seeds it may be expected that the particular diseases 
resulting from such infection will appear in fields sown with 
the· seed and the damage caused will depend to a considerable ex-
tent on environmental conditions. 
REACTION OF SEEDS TO SOIL-DORNE ORGANISMS 
·Within the past fmv years important studies have been made 
of the effect of such soil·borne organisms as Pythium species on 
field stand (5, 6, 19). An effort has been made in the Iowa 
State College Seed Laboratory (40) to apply the results of 
these investigations to seed laboratory practice. Specifically, 
many hundreds of samples of hybrid seed corn have been planted 
in a mixture containing equal parts of sand and unsterilized 
soil known to contain pythiaceous fungi. These samples arc held 
for 7 days in this moist soil and sand mixture at a constant 
temperature of 50°F. after which a transfer is made to a room 
with a temperature of 75°F. After 3 or 4 days at the latter 
553 
temperature the samples are examined and counts madc for 
emerged, normal seedlings. Marked differences have been found 
in the rcsponse of seed lots to injury caused by soil fungi. Dif· 
ferences have not been confined to lots of different inheritance. 
Tatum and Zuber (49) and Rice (42) have .shown that the 
treatment which corn rcccives during its processing for seed 
has a markcd effect on its germination in unsterilized soil at 
10D C. From the standpoint of a secd laboratory it is most im· 
portan~ to find out which lots each year are most likely to be 
injured in the ficld, and a testing service is offCl'-ed for that 
purpose. A most important requirement is to start each tcst 
with the same amount of moisture, the determination of which 
can be greatly aided by the use of a soil tensiometer (37). 
In 1942 data were kept on 177 lots of hybrid corn. The mean 
percentage germination in sterile sand at daily temperatures 
.ranging from 68D F. to 86°F. was 92. The same samples subjected 
to the cold test in natural soil as previously described gave a 
mean percentage germination of 67.5. Sceds of soybeans, sor-
ghum, hemp, barley, flax, peas, spinach, onion, beet and swcet 
corn (23) respond in a similar manner although the number 
of days of exposure to 50°F. for the cold test is not necessarily 
the same for each crop. 
USE OF SEED DISINFECTANTS AND PROTECTANTS 
The development and use of chemical dusts for the pre-
treatment of seeds have been rapid and extensive within the 
past decade. Not only have new synthetic compounds been de-
veloped that have proved effective for the control of seed-borne 
organisms but many have proved effective protectants against the 
attack of soil-borne organisms. In a number of cases these com-
pounds possess the properties of both disinfection and protec-
tion. Use of seed disinfectants and protectants in seed testing 
procedures has also received considerable attention (9, 27, 28, 
32). 
Treated seeds of barley, oats and wheat if infected with the 
scab fungus (Gibberella saubinetii) and planted on top of 
moist blotters, have been shown to exhibit a growth of pink 
mycelium (mold) around each infected seed. The same seed if 
treated with a volatile mercury compound such as Ceresan or 
New Improved Ceresan will be relatively free from fungous 
growth. If such seed is planted in a mixture of autoclaved soil 
and sand, the seedlings produced by untreated seed will usually 
show marked symptoms of seedling blight, those from treated 
seed will remain relatively free from blight and furthermore the 
treated seed will produce from 10 to 50 percent more seedlings. 
Results similar to those described for small grains may be 
obtained with seed corn infected with the dry rot fungi Diplodia 
TABLE 6. LIST OF SEED-BORNE ORGANISMS DETECTABLE IN OR ON SEEDS. 
Crop 
1. FIELD CROPS 
Common name of 
disease CauSal organism How carried by seed 
Barley······· .. ····1 Covered smul. .......... 1 Ustilago horde; . ...•....• Smut balls; spores on seed ... . 
Loose smut. . . . . . . . . . . .. Ustilago nuda. . . . . .. . . .. Inside seed ................ . 
Scab.. . . . . . . . . . . . . . . . .. Gibberella saubinetii.. . . .. Fruiting bodies, spores and 
mycelium 
Seedling blight. . . . . . . . .. Helminthosporium 
sativum ....•........ Mycelium and spores ....... . 
Stripe ......... . Helminthosporium 
gramineum .. .......... ! Mycelium ................. . 
Beet. ............. 1 Mosaic ................. 1 Virus................... Virus in young roots ........ . 
Bentgrass··.·· .. · .. 1 Ergot.................. Claviceps sp............. Black ergot bodies .......... . 
Bluegrass. . . . .. . ... Ergot.................. Same as for bentgrass 
Bromegrass ....... , Scab................... Fusarium sp.... . . . . . . . .. Spores and mycelium on seeds 
Carpetgrass. . . . . . .. Ergot.................. Same as for bentgrass 
Corn......... ..... Dry rot. ............... Diplodia zeae............ Fruiting bodies and mycelium 
Colton ........... . 
Dallis grass ....... . 
Millet. ........... . 
Oats .......... : .. . 
Redtop ........... . 
Rice ............. . 
Rye .............. . 
Ryegrass .......... . 
Dry rot ................ Gibber.lIa saubin.Iii...... Spores and mycelium ....... . 
Dry rol ................ Nigrospora ory.ae ........ Spores and mycelium ....... . 
Black bundle. . . . . . . . . .. Cephalosporium 
acr'monium .. ..•.. : . .. Spores and mycelium ....... . 
Anthracnose. . . . . . . . . . .. Gloeosporium gossypii . . " Spores and mycelium . ...... . 
Ergot. . . .. . . . . . . . . . . . .. Claviceps sp.. . . . .. . . . . .. Black growth in and on seeds 
Smut. ......... ........ Ustilago cramer.......... Spores .................... . 
Downy mildew. . . . . . . .. Sclerospora graminirola. .. Spores ....•................ 
Smut. . . . . . . . . . . . . . . . .. U sli/ago avenae. . . . . . . . .. Spores .................... . 
Scab. . . . . . . . . . . . . . . . . .. Same as for barley 
Seedling blight. . . . . . . . .. Helminthosporium spp.. .. Same as for barley 
Ergot. . . . . . . . . . . . . . . . .. Same as for bentgrass 
Smut.. .•.............. Tillelia horrida.......... Smut balls; spores ..•........ 
Er2:ot.. ..• .. . . . . . . . . . .. Claviceps purpurta... . .•. Same as for bentgrass 
Scab .•............... " Same as for barley 
Seedling· blight. . . . . . . . .. Same as for barley 
Ergot. . . . . . . . . . . . . . . . .. Same as for bentgrass 
Scab .................. Same as for barley 
Signs or symptoms on seeds, 
seedlings or older plants . 
Smut balls; spores in washing 
Smutted heads on greenhouse plants 
Pink mold on seeds on blotters; blighted 
seedlings in soil 
Brownish roots and stems of seedlings on 
blotters 
Stripes of yellow and brown on greenhouse 
seedlings-seed germinated at 12°C 
Mottling of young leaves of greenhouse 
plants 
Readi1y seen with normal seeds 
Similar to barley 
\Vhite mold on germinating seeds; seed ... 
ling blight 
Pink and white mold on seeds and seed-
lings; seedling blight 
Large black spores on kernels; rotted seeds 
at low temperatures 
White to salmon-colored fungus on seeds 
Pink mold on seeds; blighted seedlings 
Spores in washings 
Large oospores in washings 
Spores in washings 
Spores in washings 
at 
at 
fI:-
Crop 
Sorghum ... _ ...... . 
Soybean .......... . 
Timothy .......... . 
Whoat. ........... . 
2. VEGETABLE 
CROPS 
Beans .......... .. . 
Cabbage and other' 
Brassicas 
Cucurbits ...•...... 
Egg plant. ........ . 
Onion ............ . 
Potato ........... . 
Tomato .......... . 
Watermelon ....... . 
TABLE 5-(Continued) 
Common name of Signs or symptoms on seeds, 
disease Causal organism How carried by seed seedlings or older plants 
Blight..... . . . . . . . . . . . .. Helminlhosporium sp .... . 
Blight. . . . . . . . . . . . . . . . .. Fusarium spp . ......... . 
Smut-cnvered.. . . . . . . .. Sphacelolheca sorghi . .... . 
Mycelium. . . . . . . . . . . . . . . . .. Spores on blighted seedlings 
Mycelium. . . . . . . . . . . . . . . . .. \Vhite mold on seeds and seedlings 
Spores and smut balls.. . . . . .. Spores in washings 
Smut-loose..... ....... Sphaulolheca cruenla .... . Spores and smut baJJs.. . . . . .. Spores in washings 
Anthracnose. . . . . . . . . . .. Collttolrichum glycine . ... . 
Scab. . . . . . . . . . . . . . . . . .. Fusarium sp .. .......... . 
Mycelium. . . . . . . . . . . . . . . . .. Spots on cotyledons; blighted seedlings 
Same as for barley 
Seedling blight. . . . . . . . .. He/minlhosporium sp . ... . Mycelium. . . . . . . . . . . . . . . . .. Spores on blighted seedlings 
Stinking smut. . . . . . . . . .. Tilletia sp .. ............ . Smut balls and spores. . . . . . .. Odor of dead fish-spores in washings; 
smut balls 
Smut (flag). . . . . . . . . . . .. Urocys/i, tritid . ........ . Spores. . . . . . . . . . . . . . . . . . . .. Spores in washings 
Smut (loose).. . . . . . . . . .. Uslilago Iritici .. ........ . Mycelium in seed. . . . . . . . . . .. Same as for loose smut of barley 
Scab. . . . . . . . . . . . . . . . . .. Same as for barley 
Seedling blight. . . . . . . . .. Same as for barley 
Anthracnose. . . . . . . . . . .. Colielotrichum linde-
muthianum . .......... 1 MyceHum ................. . 
Blight.... . . . . . . . . . . . . .. Phytomonas ,pp.. . ... . . .. Bacteria on seeds ........... . 
Mosaic. . . . . . . . . . . . . . . .. Virus.................. Virus in seeds ............. . 
Black-leg.. ....... . ..... Phoma lingam.... . . ..... Spores and mycelium ....... . 
Black-rot.. . . . . . . . . . . . .. Bac.1~rium CDmpestu ..... Bacteria ................... . 
Blight. .................. Alternaria brassicae ...... 1\.Jycelium beneath seed coat .. 
Yellows ................ Fusarium cong/utinans ... Mycelium and spores ....... . 
Anthmcnose. . . . . . . . . . .. CDllelolrichum iagenarium. Spores and mycelium . ...... . 
Blight. . .. . . . . . . . . . . . . .. Phomopsis .. ;rans. . . . . . .. Spores and mycelium ....... . 
Yellow dwarf. . . . . . . . . .. Virus.................. Virus in bulbs .............. . 
Blight. . . . . . . . . . . . . . . . .. M ycosphaerella pinodes. .. Spores and mycelium ....... . 
Black scurf. . . . . . . . . . . .. Cor/icium :ragum . ......... Sclerotia on tubers ..... ..... . 
Scab.. . . . . . . . . . . . . . . . .. A.clinomyces scab;es. . . . .. Bacteria in lesions on tubers .. 
h-tosaics. . . . . . . . . . . . . . .. Virus.................. Virus in tubers ... .......... . 
Spindle tuber ......... " Virus.................. Virus in tu bers ............. . 
Blight.................. Afacrosporium spp.. . . ... Spore~ and mycelium ....... . 
\Vilt . ................ " Fusarium Iyc.opersiti. . . .. Spores and mycelium . ...... . 
Anthracnose. . . . . . . . . . .. Same as cucurbit anthrac nose 
\Vilt. . . . . . . . . . . . . . . . . .. Fusarium niveurn. . . . . . .. Mycelium .................. ; 
Spots on seeds; lesions on young seedlings 
Spots on seeds; wilting of seedlings; can-
kers on stems 
Mottling of leaves of greenhouse plants 
White mold on seed; canker at bast' of 
young stem 
B~ackened areas on cotyledons and mar'; 
gins of young leaves 
Black mycelium on seeds in germinator~ 
White mold on seeds; wilted, yellowed or 
malformed leaves 
Whitish mold on germinating seeds 
Whitish mold on seeds; lesions on seedlings 
Yellowish plants in greenhouse flats 
Dense- mycelium on seeds; lesions on 
seedlings 
Readily observed on tubers 
Small to large eorky areas on tubers 
J.,lottling on greenhouse plants 
Spindly symptoms on greenhouse plants 
Spots on leaves and stems of seedlings 
Wilted seedlings at high temperature 
Wilted seedlings at high temperature 
':.)1 
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zeae, Nigrospora oryzae (36) and Gibberella saubinetii, and with 
sorghum seeds infected with species of H eZminthosporium or 
Fusarium. 
A further value of seed treatment is the control it affords of 
saprophytic organisms such as species of Rhizopus, Penicillium, 
Aspergillus, Mucor and Alternaria that often overrun samples 
of seed whose vitality is on the decline. The growth of such 
molds makes a reliable interpretation of seedlings quite dif-
ficult and is one of the marked causes of wide differences in tests 
reported by different laboratories. Seedlings from treated seed 
are more easily evaluated (38). . 
The protective value of seed treatment compounds may be 
determined in seed laboratory tests by planting treated and un-
treated seed in randomized lots using the same technique as de-
scribed for cold tests on page 48. The data obtained from the 
177 lots of hybrid seed corn using treated seed gave a mean 
percentage germination of 85.3. This figure is 17.8 percent 
above the untreated and only 6.7 percent lower than that ob-
tained in sterile sand at very favorable temperatures for corn 
germination. Tests with 12 lots of soybean seed grown in 1943 
using the cold test method with treated and untreated seed gave 
58 percent normal seedlings from the untreated and 73.8 percent 
from the treated (40). $ceds of peas, sorghum, flax, hemp, 
spinach, onions, beets and sweet corn are likewise protected from 
the attack of soil fungi by application of certain compounds. A 
list of some of the more effective commercial dusts is given in 
table 6. 
There can be no doubt but that the seeds of many field and 
vegetable crops may be greatly protected during critical germi-
nating periods by the use of proper protectants. In general, 
when the soil moisture is high and the'temperature favorable 
(50° to 60°0.) for infection by pythiaceous fungi then the great-
est benefit from treatment of even good seed may be expected. 
Figures 27, 28 and 29 illustrate the beneficial effects of seed pro-
tectants to seeds of corn, peas and spinach when planted in 
pythium-infested soil at a low temperature for the early part of 
the germination period. 
HOW TO TREAT SEEDS IN A SEED LABORATORY 
The purpose of treating seeds in a seed laboratory may be to 
(a) eliminate surface organisms so that the seeds may be plated 
in sterile agar to determine internal parasites, (b) control 
organisms that interfere with germination or the evaluation of 
sprouts, (c) evaluate seed disinfectants to compare with subse-
quent field performance and (d) control disease organisms on 
small seed lots for field planting. Treatments are either liquid 
or dry. 
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Fig. 27. Cold test of corn seed. Left-untreated. Right-treated with Spergon. 
Fig. 28. Cold test of peas. Left-untreated. Right-treated with Ara"an. 
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Fig. 29. Cold test of spinach seed. Left-treated with Araaan. Center-untreated. 
Right-treated with zinc oxide. 
LIQUID SEED DISINF.ElC'l'ANTS 
Liquid treatments generally are used to achieve either the first 
or fourth purpose mentioned in the preceding paragraph. The 
more common ones, their preparation and use are as follows: 
(a) Hydrogen peroxide-30 percent concentration. One part 
of this solution to 9 parts distilled water is a satisfactory 
dilution. Seeds may be soaked 5 or more minutes, dried in 
a sterile dish and then plated in sterile agar or planted 
on blotters. 
(b) Ch'orox, 5.25 percent strength. Dilution aild use of this 
solution should be the same as for hydrogen peroxide. 
(c) Calcium hypochlorite. Dissolve 10 grams of commercial 
chloride of lime in 140 milliliters of water, allow to settle, 
decant the liquid and use as a disinfectant without dilu-
tion. Seeds so treated may be transferred directly to 
sterile agar or to blotters. The duration of treatment 
varies with the kind of seed (52). 
(d) Bichloride of mercury. This chemical is deadly poison 
and should be used with great care. The common strength 
is 1 gram in 1000 milliliters of water, except for tomato 
seed for which the strength is 1 to 3,000. Seeds may be, 
soaked 5 to 15 minutes in this solution, then rinsed 
three times in sterile water and plated in sterile agar or 
planted in blotters, sand or soil. 
(e) Formaldehyde (37 percent). A common dilution is 1 
part to 240 parts of water. Seeds may be soaked for 5 to 
20 minutes, then dried and planted in blotters, sand or 
soil. 
(f) Hot water. Treatment of wheat for 10 to 12 minutes 
in hot water at a temperature of MOC. is effective in the 
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control of loose smut. Pre-treatment in cold water, then 1 
minute at 45°C. is beneficial. Loose smut of barley is also 
controllable with hot water. Treatment of cabbage seed to 
kill the black leg and black rot organisms is best ac-
complished with hot water. Soaking the seed 20 minutes 
in water at 50°C. is effective but the seed must be cooled 
at once and dried. It is also nec\3ssary to use a water bath 
with almost absolute temperature, control. Tomato seed 
may be treated by soaking in water for 30 minutes at 
50·C. Careful control of the temperature is necessary. 
DUST TREATMENTS 
A list of dust treatments used for seeds is given in table 6. 
Application of these dusts to seeds can be made by (a) shaking 
the seeds with the required amount of dust in a bottle (b) ro-
tating the bottles on a laboratory machine illustrated in fig. 30 or 
(c) by use of the seed mixer illustrated in fig. 2. 
The safest procedure is to calculate and weigh the amount of 
TABLE 6. LIST OF SEED DISINFECTANTS AND PROTECTANTS USED IN 
SEED TESTING AND FIELD PLANTING. 
Crop Domge PurposC' Name of material I 
--------:-----~----------
Arasan ......... . Bean ___ . . . . . . .. % t, p. per 2 oz. seed .... . 
Beet. ..... _ . . . . % tsp. per 2 oz. seed .... . 
Corn (field). . . .. 1)1 oz. per bu. seed ..... . 
Corn (sweet). . .. % t.p. per 2 oz. seed ... . 
Pea. . . . • . . . . . .. % tsp. per 4 oz. seed ... . 
Barabak C ... 
1)1 oz. per bu. 
Onion. . . . . . . . .. % t,p. per 4 oz. seed ... . 
Spinach. . . . . . .. % tsp. per 4 oz. seed ... . 
Sorghum. . . . . .. 1 oz. per bu. 
Corn.... . . . . . .. 1)1 oz. per bu .......... . 
Ceresan. . . . . . . . .. Sorghum....... 2 oz. per bu ............ . 
Ceresan. . . . . . . . .. Barley......... )1 oz. per bu ........... . (New Improved) 
Beets. ......... 5 oz. per 100 lb ......... . 
Flax. . . . . . . . . .. )1 oz. per bu. _ ........•. 
Millet.... .. . . .. )1 oz. per bu .•.......... 
Oats. . . . . . . . . .. )1 oz. per bu ........... . 
Rye. . . . . . . . . .. )1 oz. per bu ........... . 
Sorghum. . . . . .. )1 oz. per bu •........... 
Wheat. . • . . . . .. )1 oz. per bu ........... . 
Copper carbonate. Barley (huHess). 2 oz. per bu ............ . 
Millet. . . . . . . . .. 2 oz. per bu ...........•. 
Oats (hulless). .. 2 oz. per bu ...........•. 
Sorghum. . . . . .. 2 oz. per bu ............ . 
Wheat. . . . . . . .. 2 oz. per bu .......•..... 
Merko. . . . . . . . . .. Corn.. . . . . . . . .. 1)1 oz. per bu •.......... 
Seme3an Jr........ Com ......... _. 1)1 oz. per bu .......... . 
SIlergOn. . . . • • . • .. Corn........... 2 oz. per bu. . ...... . 
Lima beans. . . .. 3 oz. per bu ............ . 
Peas. . . . . . . . . .. 2 oz. per bu ............ . 
Zinc oxide. . .• . . .. Spinach........ 2% by weight ......... . 
Seed protectant 
Seed protectant 
Seed protectant 
Seed protectant 
Seed protecta nt 
Seed protectant 
Seed protectant 
Seed protectant and fungi-
cide for dry rot fungi 
Smut control and seed 
protectanl 
Lontrol of covered smut. 
stripe. seedling blight. 
damping off 
Seed proleclant 
Seed protectant 
Smut control 
Control smut, seedling 
blight. damping off 
Control of stinking and 
stem smuts, seedling 
blights 
Control kernel smuts, 
seedling blights 
Control bunt, flag smut. 
seedling blights 
Covered smut and stripe 
Kernel smuts 
Smuts 
Kernel smuts 
Bunt. flag smut 
Control dry rot fungi 
seed protectant 
Control dry rot fungi 
seed protectant 
Seed protectant 
Seed protectant 
Seed protectant 
Seed protectant 
fino 
Fig. 30. Seed treater. 
dust required and add this to the seed. For corn, wheat, rye, 
sorghum, beans, peas and melolls it is reasonably safe to apply 
an excess of dust then screen off the excess, but for careful lab-
oratory testing the more· accurate weighing method should be 
used. 
INTERPRETATION OF TESTS 
One of the most difficult yet important tasks is to interpret 
the results of a test. This involves consideration of the purity 
and weed seed content, the viability, the hard seed content, the 
disease organisms carried by the seed and its resistance or sus-
ceptibility to organisms in the soil. 
Other factors being equal it is obvious that seed lots with a 
relatively high purity are superior to others. The character of 
the impurities and the relative price, however, must receive con-
sideration. If the impurities are other crop seeds they may even 
increase the seeding value but if they are weed seeds they reduce 
the value. The presence of noxious weed seeds may even dis-
qualify the seed for sale, depending upon the requirements of 
state and federal seed laws. In Iowa and in many other states it is 
unlawful to sell seed containing seeds of primary noxious weeds. 
'fhe use of seed lots containing seeds of secondary noxious weeds 
should be determined by the amount present and the avail-
ability of seed free from such weed seeds. The possibility of re-
moving the weed seeds by recleaning must also be considered. 
In viability tests it is necessary to consider the rate at which 
germination proceeds and the relative vigor of the sprouted 
seeds. In general, the older the seed the less vigorous the seed-
lings, thus indicating declining vitality. Abundant growth of 
saprophytic fungi also indicates declining vitality. In seed lab-
oratory· practice it is necessary to define germination and to 
classify seedlings into two major groups, normal and abnormal. 
Seed germination is defined as the emergence and development 
from the seed embryo of those essential structures which, for the 
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kind of plant in question, are indicative of the ability to produce 
a normal plant under favorable conditions. 
In general, the essential structures as shown in fig. 31 are the 
primary root (radicle) and primary stem (plumule) each show-
ing evidence of continuing growth under favorable conditions~ 
There are examples among plants in which absence of the pri-
mary root does not prevent continued growth of a well anchored 
seedling. Corn seedlings frequently fail to produce a primary 
root, but the stem emerges normally, secondary roots are formed 
and the seedling develops into a plant equal in growth to those 
with a primary root at the time of germination. A similar con-
dition often exists with onion, bean and melon seedlings. Un the 
other hand, absence of a primary root in radish, carrot, beet and 
turnip seedlings would be serious. Soybean and garden bean 
seedlings frequently fail to develop the primary stem which 
nQrmally forms between the two cotyledons that emerge from the 
soil. Absence of the young stem classifies the seedling as a bald 
head or abnormal seedling which, even though it may later pro-
duce a stem from a secondary bud, is inferior to a normal seed-
ling. Many bald head plants are nearly equal to normal seed-
lings in their production of fruit and some allowance should 
probably be made for them in the report of germination. In-
vestigation of their value· is being continued but present rules 
require that they be classed as abnormal. Other types of ab-
normal seedlings are those with (a) a blunt undeveloped pri-
mary root, (b) cotyledons broken from the hypocotyl, (e) a 
watery (glassy) hypocotyl, (d) a split radicle or hypocotyl and 
(e) a rotted hypocotyl or plumule. Figures 31 to 44 illustrate 
normal and abnormal seedlings of several kinds of plants. 
Viability is expressed in percentage germination which means 
the number of seeds out of each hundred that produce normal 
seedlings. Seeding rates frequently need to be adjusted accord-
ing to the vitality of the seed. In addition, allowance should be 
made for the impermeable (hard) seeds (15, 51) that occur 
among members of leguminous and other plants. Hard seeds in 
alfalfa, lespedeza, soybean, garden bean, garden pea and okra 
usually germinate soon enough after planting to be equal to 
readily germinable seeds. In red, alsike, white Dutch and sweet 
clover from one-third to one-half the hard seeds may be consid-
ered as germinable the year they are planted. Fall or winter 
planting of clovers in some parts of the United States may result 
in a higher percentage germination of hard seeds. 
APPLICATION OF SEED .<\NALYSES 
TO RATES OF SEEDING 
The final seeding value of a given seed lot is determined in 
part by a combination of the purity and germination which is 
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best expressed by the index value purity X germination. '!'his 
100 
means the number of pounds per hundred of viable, pure seed. 
Use of the index value is of some value in computing seeding 
rates of small grains, grasses, clovers, soybeans and many vege-
table crop seeds. The use of this method requires that stand-
ards of quality for recommended seeding rates be established. 
Such a basis makes it possible to adjust the seeding rate of any 
seed lot to the extent that it differs from the standard quality. 
For example, see"d eligible for certification must meet certain 
minimum standards. If such standards are accepted in each 
state or region as a basis for recommended seeding rates, then 
each lot of seed can be measured by those standards and a 
seeding rate computed. A list. of crop seeds showing Iowa 
-_ ......... _----------- --- - - -- -- ----_ .......... _------- - - -------
Fig. 31. Corn seedlings (natural size). a-classed as normal but without primary 
root; b-normal ; c. d and _abnormal. 
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Fig. 32. Soybean seedlings (1% times natural size). a and b-normal; c. d and I'--
weak (abnormal) : f, g and h-bnldheads (abnormal). 
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Fill'. 33. Flax seedlings «( times natural Bize). a. band c-normal: d to I inclusive-
types of abnormal seedlings. . 
• d 
10 ____________________ _ 
- - ----- ------ ------ .. _---------- .. 
Fig. 34. Korean lespedeza seedlings (5 times natural size). B. h. c and d-normal; 
e to t inclusive-types of abnormal seedlings. 
I 
I 
: 
I 
~ 
5(j5 
Fig. 86. Hemp seedlings (3 times natural size). a, band e-normal : d to j inclusive-
types of abnormal Beedllnp. 
Fig. 38. Red elover seedlings (6 times natural size). a, band c-normal: d to m 
Inclusive-:-weak. malformed and broken. seedlings classed as abnormal. 
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Fig. 37. Sweet clover seedlings (5 times natural size). a, band c-normal seedling.; 
d to 11 incJusive---bl'oken, maltormcd weak, seedlings cluRsed as abnormal. 
Fig. 38. Sorghum seedlings (3 times natural size). a, band c-normal; d to j-
abnormal; d-weak root and no stem; e--weak root and stem; f-stem 
sheath (coleovtile) hut no plumule; j-plumule but practically no root. 
c 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
f 
I 
I 
f 
f~ 
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Fig. 39. Orchard grass seedlings (4 times natural size). a, b, c and d-normal: c to 
I inclusive-abnormal; e and g-no St<:ffi, h t j and I-no plumule. only the 
coleoptile. 
~ Q 
e ~ ~ 
Fig. 40. Timothy seedlings (8 times natural size). a and b-norrnal: c to I inclusive 
-abnormal: c and I-no plumule, only t.he coleoptile. 
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F'1g. 41. Garden and lima bean BOOdlinga (1% times natural size). a. b and c--no .... 
mal; d to h-malCormed and weak (abnormal). 
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Fig. 42. Gardo;n beaD seedlings (ly'! times natural size). j. k. I and m-types of 
baldheads generally classed al abnennal.· but seedling. similar to I and tIl 
usuaJI,. produce plants and bear fruit: n to r-malformed. abnormal seedlings. 
c 
, 
, 
, 
, 
, 
f In' , 
370 
ef7.~ 
~ 
Fill'. 43 .. Onion seedlings (5 times natural size). a, band c-normal; d to h inclu-
siv~abnormal. 
, 
, 
, 
, 
, 
, 
, 
I 
I 
I 
I 
I , 
I 
I 
I 
I 
I 
I 
I 
I , 
I 
I 
I 
I I~ 
Fig. 44. Lettuce seedlings (3 times natural size). a. band e-normal, d t? j inclusive 
-weak, malformed. abnormal seedlings. 
standards for certification and rates of seeding when sown 
separately follows: 
Minimum requirements for 
certification (blue tag) Recommended 
Index seeding rat.,...... 
Kind of crop Purity Germination value Pounds peraere 
Bromegrass .................... 85 80 68.0 10* 
Barley ......................... 97 90 87.3 96 
Corn .......................... 100 90 90.0 8 
Clover, red ..................... 97 90 87.3 8 
Clover, sweet ................... 97 90 87.3 10 
Flax ........................... 97 00 87.3 45 
Lespedeza, Korean .•............ 97 90 87.3 25 
Oats .......................... 97 90 87.3 96 
Soybeans ...................... 97 90 87.3 60 
Wheat ......................... 97 90 87.3 90 
* Bromegrass i. not usually seeded alone in Iowa, but 10 lb •• is an average rate of seeding. 
571 
To use index value in determining rate of seeding we may 
take red clover as an illustration. Assume a sample of red clover 
with a purity of 95 percent, a germination of 70 percent and a 
hard seed content of 18 percent. The adjusted rate of seeding 
is determined by the formula, 
Standard Index Value X Recommended Seed rate Ad' t d 
d S = JUS e 
. In ex Value of ample Seeding Rate 
Substituting the red clover data in this formula we have 
87.3 X 8 6984 
95 X (70 + 18)* = -83-':"'-6 = 8.35 pounds 
lUO . 
For some crops such as barley, oats, flax and soybeans the 
number of seeds per pound varies considerably with the variety, 
hence a further factor affecting seeding rates is introduced. 
Common varieties of flax 25 years ago contained about 300 seeds 
per gram (136,000 per pound). In new varieties the number is 
sometimes Jess than two-thirds the earlier estimate (33). It is 
not advisable to make arbitary adjustments of seeding rates on 
the basis of number of seed per pound because of varietal dif-
ferences as to stooling or branching. Other factors being the 
same, however, the above formula would need to he modified by 
inclusion of a factor that considers number of seeds per pound. 
The proper procedure in such a case would be to multiply the 
rate of seeding obtained from the above formula by the factor 
resulting from standard number of seeds per gram, ounce or 
pound (table 3) divided by the actual number per ,gram, ounce 
or pound. A specific illustration of this principle may be given 
with flax. Assume a sample with purity 90 perCClit, germination 
80 percent and 200 seeds per gram of pure seed. The adjusted 
rate of seeding becomes 
87.3 X.45 
90 X 80 X 300 
100 200 
87.3 X 15 
87.3 X 45 X 100 X 300 
90 X 80 X 200 
16 = 81.8 Jbs. per acre 
Further factors affecting the interpretation of seed laboratory 
tests in terms of practical value are (a) incidence of seed-borne 
organisms, (b) resistance or susceptibility to soil-borne organisms 
and (c) possible value of a specific sced disinfectant or protect-
ant. Recommendations as to adjusted rates of seeding when 
such pathological factors are involved must necessarily be less 
specific. If organisms almost completely controllable by seed· 
disinfection are carricd by a seed stock thcn sced disinfection 
·Certification standards for clover" in Iowa permit inclusion of nil hard seeds a. 
part of the germination percentage. 
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eliminates any consideration of that factor in planting for max-
imum yield. If a specific test has shown that a lot of seed is 
susceptible to soil-borne fungi but that a seed protectant will 
provide reasonable assurance of little or no injury then treat-
ment of the seed will make further consideration of that fact(}r 
practically unnecessary. On the other hand, if a given lot of 
corn, for example, is highly susceptible to attack by soil fungi 
but otherwise satisfactory and a seed protectant may be expected 
to insure considerable improvement in germination but not 
. enough for maximum requirements, then planting of that lot 
should be delayed until a time when more favorable soil 
temperatures for seed germination prevail. Farmers must also 
consider such factors as soil moisture at the time of planting, 
physical condition of the soil, seedbed preparation, drainage, 
methods of seeding, soil reaction and general soil tilth. Such 
a combination of conditions makes it almost impossible to predict 
accuratt'ly the results that may be obtained when a given lot of 
seed is planted, but careful consideration of all the known factors 
should be superior to no consideration of any of them. 
DETERMINATION OF MOISTURE IN SEEDS 
The percentage of moisture in seeds has an important bearing 
on the keeping quality, hence it is often desirable to know the 
percentage of moisture before seeds are stored. Furthermore, the 
readiness with which seeds germinate is often determined by 
their moisture content. A seed laboratory should be enuipped to 
make moisture determinations whenever necessary. This may be 
accomplished by the use of machines which employ the electric 
method that is adapted to such large seeds as soybeans and corn. 
A second method consists of boiling a given weight of seed in oil, 
collecting the vapor, condensing it and measuring the moisture 
removed in milliliters which gives the percentage of water in the 
seed on the basis of the initial sample. A third· method and 
probably the most reliable for all kinds of seed is that of drving 
for 24 hours in an oven with a temperature of 100·0. (212·F.). 
The initial weight minus the dry weight gives the wei~ht of 
water removed which divided by the initial weight gives the per-
centage moisture of the initial sample. 
VARIATION IN SEED SAMPLES 
Variation in seed samples is generally recognized as an im-
portant factor in the evaluation of seed analyses and tests, but 
the extent to which variations may be expected and statistical 
methods for the measurement of variations are not well under-
stood. 
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1£ a sample of seed is free from all foreign matter and other 
'seed impurities, it should be practically 100 percent pure. This 
seldom occurs except in the case of such seeds as corn, beans, 
peas, squash, pumpkin and watermelon. If repeated sub-samples 
are drawn from seed of such quality each should show practically 
100 percent pure seed. Similarly, if a lot luis 100 percent ger-
mination, each sub-sample should test 100 percent. 
For the most part seed lots fall below 100 percent in both 
purity and germination, and the nearer the decline approaches 
the 50 percent point the greater the differences to be expected 
between a given set of sub-samples drawn from the bulk. For 
example, if two lots of seed have a mean purity percentage of 
95 and 80, respectively, and 10 sub-samples are drawn from each 
lot, the difference between the replicates from the first lot will 
usually be less than from the second even though both lots were 
equally well mixed. , . 
One of the most helpful methods of determining whether the 
differences between replicate sub-samples of seed are normal 
and to be expected is the Chi-square test for homogeneity (47). 
To apply this test to purity analyses and germination tests it is 
necessary to recognize that each sample is made up of two parts 
(1) the pure seed (or the germinating seed) and (2) the impur-
ities (or the non-germiIiating seed). If one is known the other 
can be obtained by subtraction from 100. As an illustration of 
application let us assume that 4 separate analyses were made of 
a lot of alfalfa seed using approximately 5 grams of seed for each 
analysis. The results obtained were. 95.6, 96.8, 96.0 and 97.2. 
The question to be answered is, " Are such results to be expected 
from a well-mixed lot. of alfalfa seed when ea('h sub-sample is 
analyzed by a uniform and standard technique?" Computa-
tion using the Chi-square test follows': 
Mean= 
x* x-M (x-M)" 
95.6 -0.8 .64 
96.8 +0.4 .16 
96.0 -0.4 .16 
97.2 +0.8 .64 
96.4 1: (lC-M)=O 1: (x-M)'=1.60 
1:(x- M)' xiOO--·-
Chi·square-(x.)=------ X factor 
(lGO-M)XM 
.. It i. assumed that each percentage of pure seed represont" the num'>er of pure seed Ii~r-
tieles per 100. 
~ = summation 
1\:[ = mean percentage of purity 
x - M = purity of each sub-sample minus mean pcrcentage 
Factor = number of hundreds of seeds in the working (sub-
sample) sample. In table 3 the number of seeds 
in 5 grams of pure alfalfa seed is 2500, hence the 
factor becomes 25. 
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One helpful check on the accuracy of the mathematical com-
putation is that the algebraic summation of the x - M column 
~hould be zero. 
Substituting in the formula we have: 
2 = 1.60 X 100 X 25 = 11 h 
X 96.4 X 3.6 .. ) 
Having obtained the Chi-square value it is necessary to con-
sult a table of probabilities (table 7) for the distribution of 
Chi-square in which it will be found that for 3 degrees of free-
dom (number of observations minus 1) a Chi-square value of 
11.34 gives a probability of a 01. Since the calculated Chi-souare 
value in the particular problem is 11.5 the probability value is 
slightly less than 0.01 (1 percent). It is arbitrarily assumed 
that when the probability value is less than .05 the differences in 
purity percentages are significant and should not be expected 
from well-mixed lots of sced. It is concluded from this analysis 
of the data that either the lot was not well mixed or the mcthod 
of analysis was incorrect or non-uniform. 
The Chi-square test can be applied to any number of analyses 
from a particular lot of seed and the results evaluated as il-
lustrated in the preceding problem. 
To illustrate further the application of the Chi-square test 
we may refer to germination data obtained by the author with 
four replicate tests of sorghum seed from a given lot using' 100 
seeds in each test. The calculations are as follows: 
~ 
Sample no. Germination D}fference from mean Square (1) (2) (3) (4) 
1 .............. 80 -1.5 2.25 
2 .............. 76 -5.5 30.25 
3 .............. 84 +2.5 6.25 
4 .............. 86 +4.5 20.25 
- -- --
Total or Mean M=81.5 ~ x(-M)=O.O l: (x-Ml'=59.00 
Step 1. Add the four percentages and divide by 4 to get 
mean percentage, 81.5. 
Step 2. Write down in column 3 the difference between each 
percentage and the mean percentage. 
Step 3. Write down in column 4 the square of each correspond-
ing number in column 3 and find the total, 59. 
Step 4. Multiply the mean percentage germinated (81.5) by 
the mean percentage failed (18.5 which h; 100 -
81.5) which is 1507.75. Then Chi-square 
100 X 59 
<)(2) = 1507.75 3.91 
n 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
.99 .98 
.00016 .00063 
.020 .040 
.12 .18 
.30 .43 
.55 .75 
.87 1.13 
1.24 1.56 
1.65 2.03 
2.09 2.53 
2.56 3.06 
3.05 3.61 
3.57 4.18 
4.11 4.76 
4.66 5.37 
5.23 5.98 
5.81 6.61 
6.41 7.26 
7.02 7.91 
7.63 8.57 
8.26 9.24 
8.90 9.92 
9.54 10.60 
10.20 11. 29 
10.86 11. 99 
11.52 12.70 
12.20 13.41 
12.88 14.12 
13.56 14.85 
14.26 15.57 
14.95 16.31 
TABLE 7. DISTRIBUTION OF X2 WITH CORRESPONDING PROBABILITY VALUES 
AT DIFFERENT'DEGREES OF FREEDOM •• 
.95 .90 .80 .70 .50 I .30 .20 .10 .05 
.0039 .016 .064 .15 .46 I 1.07 1.64 2.71 3.84 
.10 .21 .45 .71 1.3~ I 2.41 3.22 4.60 5.99 
.35 .58 1.00 1.42 2.37 I 3.66 4.64 6.25 7.82 
.71 1.06 1.65 2.20 3.36 I 4.88 5.99 7.78 9.49 1.14 1. 61 2.34 3.00 4.35 6.06 7.29 9.24 11.07 
1.64 2.20 3.07 3.83 5.35 7.23 8.56 10.64 12.59 
2.17 2.83 3.82 4.67 6.35 8.38 9.80 12.02 14.07 
2.73 3.49 4.59 5.53 7.34 9.52 11.03 13.36 15.51 
3.32 4.17 5.38 6.39 8.34 10.'66 12.24 14.68 16.92 
3.94 4.86 6.18 7.27 9.34 11.78 13.44 15.99 18.31 
4.58 5.58 6.99 8.15 10.34 12.90 14.63 17.28 19.68 
5.23 6.30 .7.81 9.03 11.34 14.01 15.81 18.55 21.03 
5.89 7.04 8.63 9.93 12.34 15.12 16.98 19.81 22.36 
6.57 7.79 9.47 10.82 13.34 16.22 18.15 21.06 23.68 
7.26 8.55 10.31 11. 72 14.34 17.32 19.31 22.31 25.00 
7.96 9.31 11.15 12.62 15.34 18.42 20.46 23.54 26.30 
8.67 10.08 12.00 13.53 16.34 19.51 21.62 24.77 27.59 
9.39 10.86 12.86 14.44 17.34 20.60 22.76 25.99 28.87 
10.12 11.65 13.72 15.35 18.34 21.69 23.90 27.20 30.14 
10.85 12.44 14.58 16.27 19.34 22.78 25.04 28.41 31.41 
11.59 13.24 15.44 17.18 20.34 23.86 26.17 29.62 32.67 
12.34 14.04 16.31 18.10 21.34 24.94 27.30 30.81 33.92 
13.09 14.85 17.19 19.02 22.34 26.02 28.43 32.01 35.17 
13.85 15.66 18.06 19.94 23.34 27.10 29.55 33.2() 36.42 
14.61 16.47 18.94 20.87 24.34 28.17 30.68 34.38 37.65 
15.38 17.29 19.82 21. 79 25.34 29.25 31.80 35.56 38.88 
16.15 18.11 20.70 22.72 26.34 30.32 32.91 36.74 40.11 
16.93 18.94 21.59 23.65 27.34 31. 3~ 34.03 37.92 41.34 
17.71 19.77 22.48 24.58 28.34 32.46 35.14 3~.0) 42.56 
18.49 20.60 23.36 25.51 2~.34 33.53 36.25 40.26 43.77 
.02 
5.41 
1.82 
9.84 
11.67 
13.39 
15.03 
16.62 
18.17 
19.68 
21.16 
22.62 
24.05 
25.47 
26.87 
28.26 
29.63 
31.00 
32.35 
33.61 
35.02 
36.34 
37.66 
38.97 
40.27 
41.57 
42.86 
44.14 
45.42 
46.6) 
47.96 
--------
For larger values of n. the expression ff-J;;:1 may be used as a normal deviate with unit variance. 
* Reproduced by permission of R. A. Fisher. 
.01 
6.64 
9.21 
11.34 
13.28 
15.09 
16.81 
18.48 
20.0~ 
21.67 
23.21 
24.72 
26.22 
27.61 
29.14 
30.58 
32.00 
33.41 
.14.80 
36.19 
37.57 
38.93 
40.2~ 
41.64 
42.98 
44.31 
45.64 
46.96 
48.28 
4).59 
50.89 
.001 
10.83 
13.82 
16.21 
18.46 
20.52 
22.46 
24.32 
26.12 
27.88 
29.59 
31.26 
32.91 
34.53 
36.12 
37.70 
39.25 
40.79 
42.31 
43.82 
45.32 
46.80 
48.27 
H.73 
51.18 
52.62 
54.05 
55.48 
56.8~ 
58.30 
H.70 
<:n 
-l 
<:n 
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Sirtfe there were foul' samples, X2 has three degrees ,of free-
dom 'rnd in a table of probability values a Chi-square of 3.91 
woulq give a ,probability of slightly less than .30 for three de-
grees I.o~, freedom. It is concluded, therefore, that such dif-
feren~es are normal and to be expected. It is well to point out, 
however, that if the percentages of germination in column two 
had b~en based on 400 instead of 100 seeds, the Chi-square would 
be fO*1; times as great: namely, 15.61 which would give a prob-
ability of almost .001. In other words, the differences would be 
highly significant and not expected from well-mixed samples of 
seed. 
'fhe appropriate formula for Chi-square when analyzing the 
,data from germination tests is S~ (P - P) 2 where S = number 
PQ 
of seeds tested in each sample, ~ ,(P - P)2 = sum of squares of 
the differences between each percentage germinated (P) and the 
mmin percentage germinated CP). Q. = 100 - P = mean per-
centage failed. 
TOLERANCE AS APPLIED TO SEED TESTING 
The Federal Seed Act (46) and most state seed acts recognize 
that consideration must be given to differences in samples drawn 
at different times and by different people from a given bulk lot 
of seed or from different portions of a lot. For example, a ship-
per or vendor may draw what he considers a representative 
sample from a bulk lot, have it tested and the lot labeled accord-
ingly. A purchaser who receives part or all of the lot may then 
draw a sample for a test or a seed inspector may draw a sample. 
Comparison of the data on the label is then made with the data 
obtained later. A basis of evaluating the two sets of data is nec-
essary either for payment by the purchaser or for decision as to 
correct or incorrect labeling of the seed. 
To facilitate decisions; rules of tolerance have been established 
for purity, weed and crop seed content, inert matter and germi-
nation. These tolerances are more liberal than would be pro-
vided by the Chi-square test for homogeneity, using even a 1 
percent probability as the point at which differences are con-
sidered significant. The formula for determining tolerance in 
purity percentages is T = 0.6 + 0.2 X (a X b) where T = tol-
100) 
eranee, a = percentage pure seed and b = 100 - a. To illustrate 
the use of the formula assume a lot of seed is labeled 95.6 per· 
cent pure seed and the inspector's sample shows 94 percent 
pure. The computation is T = 0.6 + (0.2 X94 X 6) = 1.728; 
100 
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94 + '1' = 94 + 1.728 = 95.728· which is greater than 95.6 as 
claimed, hence the lot would not be considered mislabeled. 
This formula is used for all kinds of secd except such chaffy 
grasses as bluegrass, orchard grass, bromegrass, wheat grasses 
and redtop. For chaffy grasses an additional tolerance is al-
lowed; namely, by adding to the regular tolerance described, 
the product obtaincd by multiplying" T" by the lesser of "a" 
and "b" divided by 100. To illustrate the application assume 
a lot of bluegrass labeled 90 percent pure seed and the inspector's 
sample shows 85. First the regular tolerancc is computcd: 
85 X 15) . T ::=:: 0.6 + (0.2 X 100 . =:= 3.15. 
The additional tolerance is T X :a~ = .47. Thc total tolerance 
is then 3.15 + .47 ::=::.3.62 and 85 + 3.62 = 88.62 which is less 
than 90, the percent claimed, and the lot would be considered as 
mislabeled. 
Tolerance for weed seeds, other crop seeds and inert matter is 
computed by the formula T = 0.2 + (0.2 X a1~ob). 
Recogllized tolerances applicable to percentage of germination 
and to the sum of the percentages of germination and of hard 
seed are as follows: 
Found by Test 
96 or over 
90 or over but less than 96 
80 or over but less than 90 
70 or over but less than 80 
60 or over but lcss than 70 
Less than 60 
Tolerance 
5 
6 
7 
8 
9 
10 
The application of these tolerances is as follows: Assume a 
lot labeled 90 percent germination and the inspector's sample 
gives 83 percent. l'he tolerance is applied to what is found (83) 
which is 7, and 83 + 7 = 90 hence the lot would not be consid-
ered mislabeled. 
It is also necessary to have tolerances for evaluating the num-
ber of noxious weed seeds in a given lot as shown on a label. For 
example, if a lot is claimed to have two noxious weed seeds per 
ounce of seed and a subsequent analysis shows more than two per 
ounce, how many more than two would be allowable 1 According 
to the recognized tolerance a total of six in an examination of a 
1 ounce sample would not justify a claim of mislabeling as shown 
at the top of the next page. 
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TOLERANCE FOR NOXIOUS WEED SEEDS IN ANY GIVEN WEIGHT 
-
I 
Claimed Found Claimed Found 
0 2 11 18 
1 4 12 20 
2 I 6 13 21 
3 I 8 14 22 I 
4 9 15 23 
5 11 16 24 
6 12 17 25 
7 13 18 27 
8 14 19 28 
9 16 20 29 
10 I 17 21 30 
--
The numbers shown in columns two and four indicate the 
quantity above which a lot is considered as mislabeled if the re-
spective quantities in columns one and three are claimed on the 
label. Vendors should not, however, use th~se tolerances by 
putting en a labcl a number of weed seeds correspondingly less 
than actually found by their tests. Such a practice inevitably 
ends in difficulty with law enforcing agencies. 
SEED LAWS 
Iowa and other states have found it necessary to enact laws 
regulating the sale of seeds within their respective boundaries. 
These laws known as "acts" arc enforced by the secretary or 
commissioner of agriculture. In addition, congress has enacted 
a Federal Seed Act enforced by the United States Department of 
Agriculture. The act regulates the movement of seed in inter-
state commerce and controls the shipment of seed from other 
countries into any part of the United States and its outlying 
possessions. These acts are essentially labeling laws in that they 
require all seed lots to be labeled so as to show the purity, ger-
mination and weed seed content and in some cases the origin. 
DIGEST OF THE IOWA SEED LAW 3 
The new Iowa Seed Law has four main features which need 
discussion, namely, (a) list of noxious weeds, (b) labeling re-
quirements, (c) prohibited sales and (d) exemptions. 
Noxious weed seeds are divided into two classes as follows: 
Primm·y· 
Common Name 
Quack grass 
Canada thistle 
Perennial sow thistle 
Perennial peppergrass 
Field bindweed (creeping 
Jennie) 
Horse nettle . 
Leafy spurge 
Russian knapweed 
Botanical Name 
Ag1'opyron repens 
Cirsium arvense 
Sonchus arvensis 
Lepidi1lm draba 
Convolvulus arvensis 
Solanum cm'oline11se 
Euphorbia esula 
Centaurea repens 
"Enforcement of the Iowa Seed Law is undl'r the jurisdiction of the State Secre-
tary of Agriculture at Des Moines. Inquiries concerning this law should be directed 
to the State Department of Agriculture. Des Moines. Iowa. 
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Secondary 
Common Name Botanical Name 
Wild carrot Daucus carota 
Sour dock Rumex crispus 
Smooth dock Rumex altissimus 
Sheep sorrel Rumex acetosella 
Butterprint Abutilon theophrasti 
Mustards Brassica spp. 
Cocklebur Xanthium commune 
Buckhorn Plantago lanceolata 
Dodders 01tsCllta spp. 
All seed dealers and farmers who sell off their own farms are 
required to supply the following information on a label, if in 
bags, or placard if sold in bulk: . 
(l) Commonly accepted name of (a) kind, or (b) kind and 
variety or (e) kind and type of each agricultural seed 
component in excess of 5 percent of the whole and the 
percentage by weight of each in the order of its prepon-
derance. 
(2) Lot number or Gtller lot identification. 
(3) Origin, if known, of alfalfa and red clover. If the origin 
is unknown, that fact shall be stated. 
(4). Percentage by weight of all weed seeds. 
(5) The name and approximate number of each kind of 
. secondary noxious weed seed, per ounce in groups (a), 
(b) and (c), and per pound in group (d), when present 
singly or collectively in excess of-
(a) Fivc seeds or bulblets per ounce of redtop, blue-
grass, Bermuda grass, timothy, orchard grass, fes-
cues (except meadow fescue), alsike and white clover, 
reed eanary grass and other agricultural seeds of 
similar size and weight, or mixture within this group; 
(b) Three seeds or bulblets per ounce of ryegrass, mead-
ow fescue, :l;oxtail millet, alfalfa, red clover, sweet 
clover, lespedeza, smooth brome, crimson clover, 
Brassica spp., flax, Agropyron spp. and other agri-. 
cultural seeds of similar size and weight, or mixtures 
within this group, or of this group with (a) ; 
(c) One seed or bulblet per ounce of pl'Oso. sudan grass 
and other agricultural seeds of similar size and 
weight, or mixtures not specified in (a), (b) or (d) ; 
(d) Five seeds or bulblets per pound of wheat, oats, rye, 
barley, buckwheat, sorghum (except sudan grass), 
vetches, soybeans and other agricultural seeds of a 
size and weight similar to or greater than those with-
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in this group. All determinations of noxious weed 
seeds are subject to tolerances and methods of de-
termination prescribed in the rules and regulations 
under this act. 
(6) Percentage by weight of agricultural seeds other than 
those required to be named on the label. 
(7) Percentage by weight of inert matter. 
(8) For each named agricultural seed (a) percentage of 
germination exclusive of hard seed, (b) percentage of 
hard seed, if present and (c) the calendar month and 
year the test was completed to determine such percentages. 
Following (a) and (b) the additional statement "total 
germination and hard seed" may be stated as such, if de-
sired. 
(9 ) Warning as to danger from poisoning in the ease of 
treated seed if compound is used which is poisonous to 
man or farm animals. 
(10) Name 'and address of the person who labeled said seed, or 
who sells, offers or exposes said seed for sale within this 
state. 
-SALE BY GROWER ON HIS OWN FARM 
A grower who sells seed on his own farm either in bulk or in 
containers may be exempt from thc labeling provisions referred 
to provided that either a placard is displayed or a written or 
printed statement is supplied to the purchaser with the follow-
ing information: 
(1) The percentage germination and of hard seeds of the seed 
being sold, together with the calendar month and year 
said seed' was testcd to determine the percentages. 
(2) The kind and number per ounce or pound of all secondary 
noxious weed seeds in the lot when in excess of the 
amounts given under b (5) page 579. 
(3) A guarantee that no primary noxious weed seeds are 
present in accordance with recognized tolerances. 
PROHmlTED SALES 
It is unlawful for any person to sell, offcr for sale or expose 
for sale within Iowa: 
(1) Any agricultural seed: 
(a) Unless the test to determine the percentage of ger-
mination required by Section 3 shall have been com-
pleted within a 9-month period, exclusive of the cal-
endar mon,th in which the test was completed, im-
mediately prior to sale, exposure for sale, or offering 
for sale or transportation. 
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(b) Not labeled in accordance with the provisions of the 
act, or having a false or misleading labeling. 
(c) Pertaining to which there has been a false or mis-
leading advertisement. 
(d) Containing any primary noxious weed seeds subject 
to tolerances and methods of determination pre-
scribed in the rules and regulations. 
(e) Containing more than 3 percent weed seeds. 
(2) Screenings of any agricultural seed unless it is stated on 
the label, if in containers, or on the invoice, if in bulk, 
that they are not intended for seeding purposes. 
It is further unlawful for any person-
(1) To detach, alter, deface or destroy any label provided for 
in the act. 
(2) To disseminate any false or misleading advertisement 
concerning agricultural seed in any manner or by any 
means. 
(3) To hinder or obstruct in any way any authorized person 
in the performance of his duties. 
(4) To fail to ('omply with a "stop sale" order. 
EXEMPTIONS 
Labeling provisions and prohibitions do not apply to-
(1) Seed or grain not intended for sowing purposes. 
(2) Seed in storage in or consigned to a seed cleaning estab-
lishment for cleaning or processing. 
Sale of hybrid seed corn and seed potatoes is regulated as fol-
lows: 
Section 5-It shall be unlawful for any person to sell, offer 
or expose for sale or falsely mark or tag, within the state of Iowa 
any seed corn as hybrid unless it represents the first generation 
of a cross between strains of different parentage and involving 
inbred lines of corn and (or) their combinations. Any COl'll sold 
as "hybrid" shall have plainly printed or marked on the label or 
container i~ which such corn is sold the identifying symbols or 
numbcrs, clearly indicating the specific combination. The cross 
mentioned above shall be produced by cross fertilization, C011-
trolletl either by hand or detasseling at the propel' time. 
Section 7-It is hereby established that a certification system 
is essential to the supply of good seed potato stocks for the state 
or Iown and that long usagc of a blue tag attached to bags con-
taining certified seed by authorities in states where certified 
seed potatoes arc produced has become identified in the public 
mind as evidence of superior quality and of official certi£il'a-
tion. 
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It shall be unlawful for any person to sell, offer for sale or 
expose for sale in the state of Iowa-
(1) Any seed potatoes with a blue tag attached, unless same 
are certified. 
(2) Any seed potatoes as "certified" unless-
(a) Each bag bears a label blue in color with the word 
, , certified" thereon. 
(b) Such seed has been certified by a duly constituted 
state authority or state association in the state_ in 
which the seed was produced j-. saia'state authority 
or association to be recognized by the JQW~ secretary 
of agriculture. ' ' 
THE FEDERAL SEED ACT OF 1939 ' 
The Federal Seed Act was designated to -regulate both inter-
state shipments of seed and seed importations '(29). 
Seed moving in interstate commerce must be labeled to show 
(a) kind or kind and variety or kind and type for each agri-
cultural seed component present in excess of 5 percent of the 
whole and the percentage by weight of each, (b) lot number or 
other identification, (c) origin of red clover and alfalfa or of 
any other seed as may be required by the Secretary of Agricul-
ture, (d) percentage by weight of all weed seeds, including nox-
ious weed seeds, (e) kinds and rate of occurrence of noxious 
weed seeds in accordance with requirements of the destina-
tion state, (f) percentage by weight of other agricultural seed, 
(g) percentage by weight of inert matter, (h) percentage of 
germination and of hard seed separately of each kind, or kind 
and variety or kind and type in excess of 5 percent of the whole, 
together with the month and year tested and (i) the name and 
address of the person who ships, transports or delivers for trans-
portation said seed in interstate commerce or the person to whom 
the seed is sold or shipped for resale together with a code desig-
nation -approved by the Secretary of Agriculture. Two further 
important requirements under the act are that (a) screenings 
cannot be shipped in interstate commerce unless they are not in-
tended for seeding purposes and' are labeled or invoiced with 
the words "Screenings for processing-not for seeding," and 
(b) seed for cleaning or processing must be labeled or invoiced 
with the words" Seed for processing. " 
The more important provisions as to seed importations deal 
with prohibited entries and the staining of alfalfa and red clover 
• Enforcement of the Federal Seed Act Is under the jurisdiction of the United Statei!' 
Department of Agriculture. Rules and regulations relative to methods of te.tinl\" 
and labeling of seeds to meet the requirementa of the act have been promulgated 
by the Department. These rules and methods should be followed by all who label 
seed that Is to move in Interstate commerce. Inquiries relative to the act sbould be 
directed to the Seed Division. Grain Products Branch. War Food Administration. 
Washington. D. O. 
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'Seed to indicate the country of origin. Seed classed as unfit for 
seeding purposes is denied entry into the United States and in-
cludes: (a) seeds containing noxious weed seeds in excess of 
1 in 10, 25, or 100 grams of seed, depending on' the respective size 
of crop seed, (b) seed, containing more than 2 percent by weight 
of weed seed and (c) seed containing less than 75 percent of pure 
live seed. Weed seeds classed as noxious in imported seed are 
those of Canada thistle (Oirsium arven-se) , quack grass (Agropy-
on repen,<;), white top (Lepidium draba, Lepidium "epens and 
Hymenophy,<;a pub,escen.~), Johnson grass (Holcns halepense) , 
bindweed (Oonvolvulus arvensi,<;) , Russian knapweed (Oentaurea 
pieris) , perennial sow thistle (Sonehus arvensis), leafy spurge 
(Euphorbia esula) and dodders (Cuseuta spp.). 
The United States Department of Agriculture in cooperation 
with several state experiment stations has determined that 
strains of alfalfa and red clover seed of foreign origin other than 
from the Dominion of Canada are unadapted for general use in 
the United States. To protect farmers the Federal Seed Act re-
quires that imported seed of alfalfa or red clover in each contaiu-
oar be stained to indicate origin as follows: 
(a) Seed grown in any foreign country other than the coun-
tries of South America and the Dominion of Canada must 
, have 10 percent stained red j 
(1:» 'See'd grown in any of the countries of SOllth America 
must have 10 percent stained orange-red; . 
( c) Seed grown in the Dominion of Canada must haye 1 per-
:' . cent stained violet; 
(d) Seed must have 10 percent stained red if: 
, (1) the origin is unestablished; 
(2) the origin is such as to require different colors; 
and 
(~) seed of foreign origin is commingled with seed of the 
same kind grown in the United States. 
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